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An Assessment of the Collection and Analysis of Hydrologic Data
by Private Contractors for the U.S. Geological Survey

by F. A. Kilpatrick, A. Condes de la Torre, and R. D, Hutchinson
ABSTRACT

During fiscal years 1978 through 1981, the U.S. Geological Survey
contracted for the acquisition and analysis of hydrologic data from 104 surface
water stations, 26 ground water stations, and 15 precipitation gages as well
as for several hundred miscellaneous surface water measurements of flow and
water quality. The work was performed in Montana, North Dakota, Wyoming, Utah,
New Mexico, and Oklahoma, terminating at the end of fiscal year 1981. This
report is an assessment of this contracting effort from the standpoint of cost
and of the quality control measures employed to ensure an acceptahle product.

For the entire period, costs to perform the work by outside contractor were
approximately 55 percent greater than the estimated in-house cost. This dropped
to 33 percent in fiscal year (FY) 1981 due possibly to greater contractor
experience, operation of the maximum number of stations, and the fact that
all work was performed by a single contractor in the last year. Inclusion
of the U.S. Geological Survey District quality control costs into the total
cost of the contractor effort escalated the average increase for the period
to 120 percent; 84 percent for the final year.

The quality of the contractor's work was judged to be good. Measures
taken to ensure a successful contractor effort were: (1) careful selection
of qualified contractors by use of a negotiated procurement type contract
whereby selections are based on an evaluation criteria as well as cost; (2)
precise and detailed specifications; (3) classroom and on-the-job training
of contractor personnel; (4) supply and maintenance of hydrologic equipment
by the Survey; (5) field inspections and check measurements by Survey
hydrologists; and (6) close coordination between contractor and Survey personnel
in analyzing and processing data; and (7) adherence to absolute uniformity
between the contractor and the Survey in equipment and techniques.

INTRODUCTION

Starting in fiscal year (FY) 1977, the Water Resources Division (WRD) of
of the U.S. Geological Survey (USGS) was provided $1.8 million to acquire
hydrologic data in the major coal lease areas of Montana, North Dakota,
Wyoming, Utah, New Mexico, and Oklahoma. Four personnel positions were
provided, with two being assigned to the Administrative Division to manage
the additional contracting work that was anticipated. Because of the lack
of positions, the decision was made to contract for the data collection; a
first of this magnitude for the USGS. This report is a review and analysis
of this effort and covers:

Preparation of specifications
Evaluation of bids

Quality control measures

Cost comparisons

Product quality

Summary and recommendations

O oo0oo0oo0o0



Philosophy

Acquisition and analysis of hydrologic data has long been considered a
mainstay of the USGS and an area of extensive competence. The Geological
Survey has a reputation for accurate and reliable hydrologic data. Of
considerable concern was the maintenance of quality control in any contractor
operated basic data collection program. It was concluded that five major
measures should to be undertaken to assure quality control. They were:

1. Detailed specifications that clearly define the work, and the
techniques and standards to be used in performing the work.

2. Training of contractor personnel, both formal and on-the-job in
techniques acceptable to the USGS.

3. Supply and maintenance of USGS hydrologic measuring equipment and
instrumentation to the contractor.

4, Check measurements and station inspections by USGS field hydrologists.

5. Close coordination and interfacing of contractor and USGS District
hydrologists in analyzing and processing of data.

Study Area and Scope of Work

Figure 1 shows the areas where work was contracted as well as the type and
extent. Al1l aspects of hydrologic data collection were undertaken to include
measurements of:

Surface-water quantity

Surface-water quality

Surface-water sediment

Ground-water levels

Ground-water quality

Surface-water gain/loss of discharge and water quality
Precipitation measurements

OO 000 OO0

The hydrologic data collection sites shown in figure 1 are those operated
during the 1978-1981 fiscal years. The work in Montana was dropped at the

end of FY 1980; because of a drastic Federal budget reduction, all contracting
was terminated at the end of FY 1981.

As can be seen, the contracted work covered a wide area--so large that
small contractors would be discouraged from undertaking the work if not
presented and made available in smaller work units. Therefore, the work was
awarded in several contracts rather than as one large contract. Table 1 shows
the actual breakdown of the work by States and years.
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Figure 1. Location map for hydrologic data collection
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QUALITY CONTROL MEASURES

Detailed Specifications

A review of past USGS contracts dealing with services and the complexity
of basic hydrologic data collection and analysis revealed conclusively the
necessity for very precise and detailed specifications to define the data to
be collected, frequency of collection, and method of collection and analysis.
Good specifications are essential to good performance; hence, they are an
important factor in quality control. Complete specifications provide:

1. The contractor with the exact workload required to do the job so
that he can more accurately bid for the work. If workload requirements
are not clear, the contractor must add an "ignorance" factor to his
price which may be detrimental to the best interests of the Government
as well as to his successful bidding. He may under-bid only to
find out later that he cannot really live up to the contract; again
detrimental to both the contractor and the Government.

2. A clear basis for requiring performance by the contractor. Poorly
defined work requirements may be expected to result in poor
performance with little recourse by the Government but to improve
the specifications the next time.

The specifications described in detail the operation and maintenance of
gaging stations, collection of streamflow discharge, correlation of streamflow
and stage data, computation of daily discharge values, field measurement of
selected water quality parameters, field collection of water samples for
chemical, biological, and sediment analysis, and in some contract areas the
field measurement of ground water levels. In addition, special project
requirements were included to promote successful management of the contract.
A work schedule submitted to the Government in advance for each months work
was required. Quarterly progress reports, in table form to reduce paperwork,
were specified. CQualification requirements of the contractors' personnel
were also defined. The detailed specifications for the work in Oklahoma are
presented as Appendix A. Appendix A is complete except that repetitious
location maps and station listings have been omitted as well as general
instructions to bidders.

Training of Contractor Personnel

One of the factors in the evaluation of the bids is the education and
experience level of the prospective contractor's personnel. While this is
very important in evaluating bidders, very few consulting engineering firms
were found to have engineering and technican level personnel with training
specific to the work involved. It was therefore to the best interests of
the USGS to provide both classroom and on-the-job training in the various
techniques and the use of equipment in performing field data collection and
limited data analysis. The availability of such training was made an option
in the specifications, whereby a week of classroom training was provided at
the Survey's Denver Training Center at Government expense, excluding travel
and subsistance costs of the contractors' personnel. The training both in
the classroom and field featured the following:



Operation of continous record gaging stations.

Performance of current meter discharge measurements.

Processing and analysis of data to include development of rating curves.
Coding of data for computer input.

Operation of crest stage gages.

Field measurement of water quality and use of related equipment.
Sampling, preservation, and shipment of water quality, biological and
radiochemical samples to the USGS Denver Laboratory.

Collection and processing of sediment samples.

Ground-water field techniques and data analysis.

o Operation of precipitation measuring equipment.

OO0 0000 O0
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Numerous new gaging stations were installed as a result of this program.
These were constructed prior to being turned over to the contractors, but were
not instrumented. As a part of the on-the-job training, they were instrumented
jointly by Survey and contractor personnel. At the same time, Survey
hydrologists observed and taught contractor personnel in the performance of
discharge and water quality measurements. Where new gaging stations were
required, the specification called for the contractor to furnish two-man
days per station for instrumentation and on-the-job training. As each station
was completed, it was inventoried and equipment signed for by the contractor.

Follow-up training was provided during routine inspection trips and as a
result of the contractor working with the USGS Technical Officer (TO) assigned
from each USGS District. In reality, the contractor functioned like a
subdistrict or field office of the USGS.

Provision and Maintenance of Hydrologic Equipment

It was recognized that most consulting firms would not and could not be
expected to maintain an inventory of field equipment necessary to carry out and
sustain a regular hydrologic data collection program of this magnitude.
Furthermore, the initial costs of acquiring such equipment might discourage an
otherwise competent contractor from considering the work which could not be
guaranteed for more than a year at a time. Some contractors were also found
to have equipment not acceptable to the USGS. It was concluded than an important
quality control measure was the use of good equipment that is well maintained.
Thus, the USGS elected to supply and service all equipment installed in the
gaging stations as well as in use for field measurements. Field equipment was
supplied in proportion to the workload detailed in the specifications. A
comprehensive 1ist of equipment for one contract is shown as Part VI in Appendix
A and is part of the specifications. In addition to signing for gaging station
equipment as each station was inventoried, the contractor signed and was held
responsible for all other Government furnished equipment.

Equipment repair and station maintenance could be expected to be an unknown
cost for which a prospective bidder would have uncertainty in pricing; uncertainty
might produce higher bids or poor maintenance if the successful bidder found
actual costs excessive. Thus, an additional quality control measure was the
USGS specifying its responsibility for equipment and major station maintenance.
Routine station maintenance was specified as the responsibility of the contractor
to include regular yearly datum check leveling surveys.



Field Inspections and Verifications

An additional quality control measure consisted of periodic and unscheduled
field inspections by USGS hydrologists; either the District TO or his designated
representative. This consisted of check discharge and water quality measurements
as well as examination of station equipment for proper operation and maintenance.
Field inspections were made of each station on an as needed basis, being reduced
in succeeding years as the competence of the contractor was demonstrated.

Interfacing with Districts and Laboratories

In effect, the contractor's operation was designed to function similar to a
subdistrict or field office: operating a set number of gaging stations and
preparing data for input to the Survey computer system. Similarly, water quality
samples were shipped to one of the Survey's Central Laboratories at Government
expense. The cost of the laboratory analysis was borne by each USGS District
and funds were provided to each District based on the specified workload.
Consideration was given to the contractor analysis of water quality samples.
However, analysis of water samples by the USGS assured quality control and
eliminated the uncertainty of laboratory costs to the contractor.

KEY FEATWRES OF CONTRACTS

Evaluation of Contract Proposals

The contract type used was a negotiated procurement. The negotiated contract
provided more flexibility than a formally advertised contract. In a formally
advertised contract the award is made to the lowest responsible and responsive
bidder. In a negotiated procurement the contractor who is responsible and
responsive can be selected on the basis of criteria determined to be in the
best interest of the Government. The evaluation criteria are stated in the
solicitation, and the potential contractors are asked to address the stated
criteria with their qualifications and experience.

For the data collection contract, the solicitation contained the following
evaluation criteria and the points (designating importance) obtainable in each
category:

1. Experience in hydrologic data collection:
Streamflow data collection 15
Water-quality data collection 15
2. Management capabilities of firm--ability to manage and
perform all tasks in a contract of this magnitude and

complexity 20
3. Qualifications of personnel assigned to this contract
--including experience in hydrologic data collection 25

4, Completeness of proposal and contractor's demonstrated
understanding in his proposal response of the scope of

work and solution approach thereto 15
5. Ability to complete work on time 10
TOTAL 100



A four-person committee was formed consisting of USGS professional personnel
experienced in hydrologic data collection and analysis. Their job was to perform
a technical evaluation of the proposals received in response to the solicitation.

The proposals were submitted to the USGS Procurement Office by interested
contractors in two parts--a technical proposal and a price proposal. The
Contracting Officer in the Procurement Office separated the price proposals
from the technical proposals and forwarded only the technical portion to the
four-person technical evaluation committee.

A rating form was developed for use by the technical evaluation committee
(figure 2). Each member of the committee reviewed each proposal and completed
a rating form for each contractor's proposal. Comments on the strong and weak
points of each contractor's proposal were written on the back of the form.
After each member had rated the proposals, each proposal was discussed and an
agreement was reached on the committee rating to be given to each contractor.
A summary of the findings and ratings of the technical evaluation committee
was prepared, and a cutoff point value was determined below which a contractor's
proposal would be considered technically unacceptable. A summary report was
written describing the ratings and was submitted to the Procurement Office.
The Contracting Officer then reviewed the prices only for those contractors
whose proposals had been found technically acceptable. Price was not considered
for those found technically unacceptable. The Contracting Officer then
prepared a 1ist of those contractors whose proposals had been found technically
acceptable showing the prices submitted and stating that an award would be
made to the contractor with the lTowest price unless it was in the best interest
of the Government to award to another contractor with a higher price based
on technical merit. To award to other than the lowest price offer, the
technical evaluation committee had to justify--based on the point differential
and descriptions given in the technical evaluation--why paying the difference
in price which would result from awarding to other than the low price offer
would be in the best interest of the Government. Although difficult, this
has been done when the technical capabilities and probability of success of
one contractor was far superior to that of the low offeror although both had
been determined technically acceptable. When the technical evaluation committee
was satisfied with the contractor with the low price offer, they recommended
an award be made.

Specifications

The specifications for the collection and processing of hydrologic data
in Oklahoma are listed in Appendix A. Similar specifications, tailored to
the work, were prepared for the other areas. The specifications for Oklahoma
are presented here because they are the most complete set covering the major
work requirements for the collection and processing of surface water flow,
quality and sediment data as well as for the acquisition of ground water and
precipitation data. Examination of this set of specifications will reveal
the considerable detail provided as to methods and techniques which are
necessary if prospective bidders are to accurately price the work and the
Government is to exercise control over products received. It is important
to emphasize that such detail is necessary if the prospective contractor is
expected to bid intelligently on the work as well as to perform the work in
a manner acceptable to the Survey.
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Data Collection Calendars

One of the most difficult aspects of preparing specifications for
hydrologic data collection is the variability of and uncertainty associated
with the occurrence of hydrologic phenomena. While total flexibility to
collect data as needed would be preferred, it is necessary to compromise and
attempt to quantify the workload requirements.

An example of a Data Collection Requirements and Calendar form for two
of the 13 surface water gaging stations that comprised the Oklahoma contract
is shown in figure 3. In the manner depicted, the contractor is told the
types and frequency of the data that are to be collected. At the same time,
the flexibility to obtain more frequent data during high runoff periods such
as March, April, and May is provided. Consideration was given to providing
a bonus system for data collected on weekends and holidays with the occurrence
of floods. This was not found necessary but might be given future consideration.

Station Descriptions

Essential to the specifications is complete descriptions of where the work
is to be performed. Figures 4 and 5 are examples of narrative job locations
and map descriptions, respectively, for gaging station; ground-water well and
precipitation stations. These are identified by station number and keyed to
the work requirements calendar discussed above.

COMPARISON OF COSTS

An analysis of the comparative costs of acquiring hydrologic data by a
contractor or by the U.S. Geological Survey must be based on the same scope
of work and include all identifiable costs. Under rigid cost-analysis
procedures, start-up costs are a valid expense of the Government. These
costs are excluded from this report, however, because they are for reusable
products (specifications and equipment) or the expenses would have been the
same whether or not the work was contracted. The start-up costs which were
excluded are:

Preparation of contract documents and selection of contractors.
Technical equipment provided to contractor, including shipping.
Construction of gaging stations.

Orientation and initial training of contractor's staff,

o O OO0

Operational costs of the USGS for laboratory analyses, computer services, and
manuscript publication are also excluded from this cost comparison because
these activities are beyond the scope of the contracts.
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ATTACHMENT 3 DATA COLLECTION REQUIREMENTS AND CALENDAR FOR _Cklahoma
The contractor shall collect the data required at the gage sites identified below by station numbers in accordance with the indicated schedule.

STATIONS: 07246615
07247550
Frequency — Month
. Laborat.
Data Required ory Remarks
Schedule | o IN|Ip |3 |[F [M|a|M|[T]1]Aa]s
1. Station Inspection 212(212|2)|2|et8 2| 2|2
2. Discharge Measurement 111121111111 8 1} 1f2
3. Digital Tape Removal 1111211111 |1)1|1] 1)1} 1]1
4, Field Determinations: a. Water and Air Temperature
b. Specific Conductance
c. pH and Dissolved Oxygen d -
d. Alkalinity/Acidity®
5. Chemical: a. Major Constituents 425 12022l lz2l2tzy 101} 1112
b. Nuttients 426 | 1 1 1 1 1
¢. Minor Constituents — Dissolved 1076 |, 1 1 1 1 1
d. Minor Constituents — Total 1176 | 3 1 1 1 1 1
e. Emission Spectrograph — Dissolved 1090 NONE
f. Bottom Material 1292 DNCE_A| YHAR Jg Low [FLaw
g Phenols LC0052 NONE
h. Cyanide LC0023 NONE
i Barrum, Lithium, Strontium 427 1 1
6. Sediment: a. Suspended, Concentration =" g » g
b. Suspended, Size
c. Bed Size 2 1 £
d. Coal Separation® LC1038 DNCE 4| YBAR l@ Iow |F
7. Biological: a. Phytoplankton 1706 1 1 1 1
b. Periphyton 1708 1 1 1) 1
8. Radiochemical 1405 NCE A| YHAR @ Zow [Frdw

General: Discharge measurements will be made using current-meter or other acceptable direct methods; number indicates number of
measurements required for period shown; observence of zero flow constitutes a measurement. Where more than one measurement or sample is
indicated per period it is desired that to the best of the contractor’s ability these be made during a flood or above average runoff. These
frequencies shown are based on the Survey’s best estimate of the months when major runoff may be expected. When it is impossible to estimate
when major runoff may be expected the additional visits shown under “Remarks” are to be made in an effort to define the relation of discharge
to stage, sediment and chemical quality throughout the range of discharge during the year. Frequencies shown will apply for succeeding years
unless otherwise modified.

3Acidity should be determined only when field measured pH of a sample is less than _Z_o

b0On bottom material at low flow only. Samples are to be wet sieved in the field to pass a 2.00 mm sieve but not to pass a 0.06 mm sieve.

°Water Quality Field Determinations will be made at the time of each discharge measurement as well as samples obtained for sediment
concentration.

dThree samples during period -~ one at high flow caused by snowmelt, one at high flow caused by rainfall, and one at low flow ~ each
concurrent with other highflow, major, and suspended concentration samples.

®Two samples during period — 1 at high flow causec by snowmelt and 1 when runoff is due to rainfall concurrent with sampling for minor
constituents.

1f no flow, obtain samples during remaining part of year to provide at least — per year.

£Automatic sediment sampler (PS-69) installed requiring servicing by the contractor once every——days during normal flow conditions and

after each runoff exceeding ....hours duration.

Figure 3. Data collection requirements and calendar form.
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JOB LOCATIONS
Streamflow Stations

07232010 Blue Creek near Blocker, OK, Lat 34°02'26", long 95°34'21",

in SW %, NW %, sec. 36, T.7N., R.16E., Pittsburg County,
Hydrologic Unit 11090204, on right bank at downstream side of
bridge on State Highway 31, 1.5 mi south of Blocker, and at
mile 3.9.

07232008 Blue Creek Tributary near Blocker, OK, Lat 35°02'25", long

95°34'15", NE %4, NW %, sec. 36, T.7N., R.16E., Pittsburg
County, Hydrologic Unit 11090204, approximately 400 feet east
of State Highway 31 bridge along Blue Creek, 1.5 mi south of
Blocker, and at mouth.

L

- A~

JOB LOCATIONS
Groundwater-Level Stations

Blocker area:

350241095341101, local number 07N-16E-25C CDCl, Hydrologic Unit
11090204, Pitsburg County, 0.35 mi north of streamflow gage on
State Highway 31 and 1.15 mi south of Blocker, in borrow ditch

on west side of highway.

Panama area:

351122094403901, local number 08N-25E-04 CDCl, Hydrologic Unit
11110105, LeFlore County, on State Highway 31 0.3 mi west of
junction of State Highway 31 with U.S. Highway 59 and 271 and
one mi north of Panama, about 50 feet south of road.

VA

Blue

/;//'

JOB LOCATIONS
Precipitation Stations

Creek Watershed:

350218095315301, local number O7N-17E-32 ACAl, Hydrologic Unit
11090204, Pittsburg County, 0.6 mi south out of Blocker along
State Highway 31 and 2.6 mi east along dirt road; about 75 feet

east of gas well.

350306095340101, local number 07N~-16E-25 ACAl, Hydrolegic Unit
11090204, Pittsburg County, 0.6 mi south out of Blocker along
State High 31 and 0.1 mi east along dirt road; about 50 feet on
north side of road.

Figure 4. Typical narrative descriptions of job locationms.
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SUMMARY AND CONCLUSTIONS

In general, all aspects of the work performed by the contractors were
quite satisfactory. The emphasis placed on quality control and the interfacing
and close cooperation of the contractor and USGS personnel at the field level
led to an amiable situation and the collection of quality hydrologic data.

Contractor costs were about 55 percent greater than was judged to be the
cost of performing the same work in-house. The disparity was even greater if
allowance was made for quality control inspection procedures on the part of
the Survey, being on the average of 120 percent greater in cost than if done
in-house. The success in contracting for basic hydrologic data must be viewed
in light of circumstances. If the objective was to perform a portion of the
Government's functions with no additional personnel, then the program was a
success if increased costs are acceptable. Nevertheless, Survey personnel
still had to observe the contractors work and be involved in data analysis and
processing. However, if fiscal restraint is the objective then there seems
little question that contracting for basic hydrologic data is more expensive
than if performed in-house. There is evidence that this disparity might be
reduced with increased contractor experience and by increasing the size of the
effort.

Two not readily apparent advantages of contracting exist., First, a
program based on contractor supported data collection can be quickly terminated
to the advantage of the Government, when sudden fiscal restraints require it
(as was the case in the Coal Hydrology Program) or project completion permits
it. Also, travel expenses, frequently not viewed favorably by budget authorities,
are not a visible program element if performed by a contractor.

If funding is available but not manpower, good results can be achieved by
contracting data collection if stringent specifications and quality control
measures are exercised. These quality control measures though have their
own cost in excess of what might normally be visible in-house.

If the decision is to contract basic data collection, the work should
be of sufficient size to make it worthwhile to a contractor to establish a
field office or offices and hire personnel and for the Survey to implement the
necessary preparation of specifications, training, management, and quality
control of the work. A minimum work unit would be about 10 gaging stations or
the equivalent. Real economy for larger work units will be realized for all
concerned. The wide separation of work in different geographical areas into
separate biddable units is advisable to encourage small contractors. Provision
for separate or cumulative bids on one or more work units is advisable both
from a cost standpoint as well as for greater ease of management, whereby not
too many different contractors are involved.
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OKLAHOMA
COLLECTION AND PROCESSING OF HYDROLOGIC DATA

Part I
SPECIAL PROJECT REOQUIREMENTS

Article I. DESCRIPTION OF WORK:

Work to be done comsists of furnishing all plant, labor, materials, and equip~
ment for performing all work in strict accordance with these specifications,
attachments, and contract for collection and processing of hydrologic data.

Article II. PURPOSE:

The United States Geological Survey (USGS) has established a network of
hydrologic monitoring stations in regions of actual or anticipated coal
mining and development to serve as a system of environmental monitoring
that will assess the impact of such mining, reclamation, and associated
development on the surface water resource of the specified area.

Article III. LOCATION:

The work to be done under this contract is in the State of Oklahoma. The
area covered and station locations are shown in Attachment 1,

A summary of equipment installed at gaging stations is shown in
Attachment 8.

Article IV. PRINCIPAL FEATURES:

A. The work to be done includes the following principal features:

1. Operation and maintenance of gaging station with continuous
stage recorders, collection of stream flow discharge, correlation of stream
flow and gage-height data, and computation of daily discharge values.

2. Field measurement of selected water quality parameters and

field collection of surface water samples for chemical, biological, and
sediment analysis.

3. Operation and maintenance of water quality monitors which
record continuous dissolved oxygen (D.0.), pH, specific conductance, and
temperature data at each gaging site; correlating field measurements of
D.0., pH, specific conductance, and temperature with corresponding monitor
readings; and computation of mean daily and daily extremes of D.O., pH,
specific conductance, and temperature. The work specified in this pararaph
shall be performed at only two (2) locations.

4. Operation and maintenance of automatic sediment samplers;

collection and shipping of sediment samples, providing records showing time
collection of each sample.

5. Operation and maintenance of ground water level recording
stations with continuous ground-water level recorder, correlation of tape-down
measurement with recorded water level data, and computation of mean daily
water levels.
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6. Operation and maintenance of precipitation gages with contin-
uous recorders, and providing record of the precipitation.

7. Operation and maintenance of crest-stage partial-record
station, collection of streamflow discharge; correlation of streamflow and
stage data; and computation of annual peak-flow values.

B. The above general outline of the principal features does not in
any way limit the responsibility of the Contractor to perform all work and
furnish all plant, labor, materials, and equipment required by the con-
tract, the specifications, and the attachments.

Article V. TECHNICAL DIRECTION:

A. The performance of work hereunder shall be subject to the tech-
nical direction of a Contracting Officer's Representative (referenced to
herein as COR). The COR and the Contractor's Project Manager shall work
together closely to insure that all contractual requirements are being met.
The '"technical direction," to be valid,:

1. Must be issued in writing consistent with the general scope
of work set forth in the contract;

2. May not comsititute new assignment of work or change to the

expressed terms, conditions, or specificatioms incorporated into this
contract; and

3. Shall not constitute a basis for extension to the contract
delivery schedule.

B. Nothing contained in this Article authorizes the Contractor to

incur costs in excess of the estimated cost or other limitations on funds
set forth in this contract.

C. Copies of all correspondence between the COR and the Contractor

shall be forwarded to the Cognizant Contracting Officer at the following
address:

U.S. Geological Survey
Procurement and Contracts Section
Mail Stop 204, Box 25046

Denver Federal Center

Denver, Colorado 80225

D. Work shall receive technical direction from a COR located in
Oklahoma City, Oklahoma.

Article VI. WORK SCHEDULE:

The Contractor shall perform the gage site imnspection, tape changes, cur-
rent meter measurements, chemical quality sampling, and sediment sampling



at the frequency called for in the "Data Collection Requirements and Calendar"
in Attachment 2. TFailure of the Contractor to complete the work within the

month or time frame specified in Attachment 2 will subject the Contractor
to the default provisions of the contract.

The Contractor shall submit, each month, a monthly schedule of the proposed
work to be done and shall specify which Contractor employees shall do the
work on a copy of Attachment 3. The monthly schedule for the following
month shall be submitted to the COR at least 5 days before the beginning of
the month. Failure of the Contractor to submit the monthly work schedule
as called for or failure to complete the work as shown on the schedule
submitted without a justification acceptable to the Contracting Officer
shall subject the Contractor to the default provisions of the contract.

Article VII. NOTICE OF DELAYS:

In the event the Contractor encounters difficulty in meeting performance
requirements, or when he anticipates difficulty in complying with the
contract delivery schedule or date, or whenever the Contractor has know-
ledge that any actual or potential situation is delaying or threatems to
delay the timely performance of this contract, the Contractor shall imme-
diately notify the Contracting Officer and the COR in writing, giving
pertinent details; provided, however, that this data shall be informational
only in character and that his provision shall not be coastrued as a waiver
by the Government of any delivery schedule or day or of any rights or
remedies provided by law or under this contract.

Article VIII. GOVERNMENT FURNISHED EQUIPMENT:

The Contractor shall be respoansible for furnishing all additional equipment
required to complete the work called for in the contract and specifica-
tions. The Government shall furnish the specialized hydrologic equipment
listed in Part VI. While the Government shall furnish only the equipment
listed in Part VI, the list does include most of the specialized hydrologic
equipment required for this contract.

Article IX. GOVERNMENT FURNISHED MANUALS AND BULLETINS:

The Government will furnish technical information manuals and bulletins to
the Contractor. The manuals and bulletins cover the methodology to be used
in accomplishing the hydrologic work required under this contract. The

manuals and bulletins to be furnished by the Government are listed in
Part VI.

Article X. GOVERNMENT FURNISHED TRAINING:

The Government shall furnish up to 40 hours of training as deemed necessary
by the COR on hydrologic techniques for field data collection and computa-
tion for the Contractor's personnel. The Government shall advise the
Contractor at time of award the dates and place where training will be
available to him. The training shall be done at the USGS Training Center



in the Denver Federal Center at Lakewood, Colorado or at a USGS district
office in Oklahoma City, Oklahoma. Contractor shall be responsible for
providing housing, meals, and transportation for the trainee. Future

training and field orientation can be mutually agreed upon between Contrac-
tor and Government.

Article XI. KEY PERSONNEL:

The personnel specified in the Contractor's proposal and listed in Attach-
ment 4 are considered to be essential to the work being performed here-
under. Prior to diverting any of the specified individuals to other pro-
grams, the Contractor shall notify the Contracting Officer reasomably in
advance and shall submit justification (including experience and qualifica-
tions of proposed substitutions) in sufficient detail to permit evaluation
of the impact on the program. No diversion shall be made by the Contractor
without the written consent of the Contracting Officer: Provided, That the
Contracting Officer may ratify in writing such diversion, and such ratifi-
cation shall constitute the comnsent of the Contracting Officer required by
this clause. The attachment to this contract may be amended from time to

time during the course of the contract to either add or delete personnel,
as appropriate.

Article XII. TECHNICAL QUALIFICATIONS OF THE CONTRACTOR:
The Contractor shall maintain continuity of technical competence including
adequate inhouse training to insure full and technically acceptable perform-
ance on this contract. The Contractor shall list and submit the names of
those personnel he proposes to use in the project on Attachment 4.
The Contractor's personnel must have the following minimum qualifications:
A. Supervisory personnel must have:
1. At least a BS degree in a field such as geology, sanitary or

civil engineering, chemistry, environmental science, hydrology, or others
that provide a strong background in the study of water.

2. A minimum of one (l) year's experience in full time, related
hydrologic work.

3. Professional registration or licemsing in at least ome State,
or at least 10 years' professional experience in lieu thereof.

4. Qualifications to supervise and instruct field personnel on:

a. gaging-station operation and maintenance, procedures of
discharge measurements, procedures of determining discharge ratings, and
computing daily discharge;

b. collection of water samples for chemical and biological
sampling;



c. field analysis of water samples for the determination
of alkalinity, dissolved oxygen, pH, specific conductance, and temperature;

d. collection and shipment of Equal Transit Rate (ETR)
sediment samples; labeling, adjustment and shipment of automatically-
collected samples, correlating ETR sediment samples with automatically-

collected samples; correlating sediment concentrations with discharge; and
computing daily sediment loads.

e. Operation and maintenance of water-quality monitor
(instructions can be taken from existing operating manuals).

f. Operation and maintenance of automatic sediment sampler
(PS-69) (instructions can be taken from existing operating manuals).

B. Hydrologist must have:
1. At least a BS degree in field such as geology, sanitary or
civil engineering, chemistry, enviroanmental science, hydrology, or others
that provide a strong background in the study of water.

2. A minimum of onme (l) year's experience in full time, related
hydrologic work.

C. Technican must have:

1. A minimum of one (1) years' experience in full time hydro-
logic work or surveying, or

2. A strong mathematical aptitude, and certification by the
Contractor that each technician is adequately trained to do hydrologic work
required by this contract.

Article XIII. RESPONSIBILITIES OF CONTRACTOR:
The Contractor shall be required to furnish all plant, labor, materials,
and equipment required for performing this contract, except for that equip-
ment which the Government will furnish. Among the equipment which the
Contractor shall provide are:

A. Vehicles, their maintenance and their fuel;

B. Calciilators;

C. Wet weather gear (waders, boots, clothing);

D. Maintenance supplies, hand tools.

E. Surveying equipment (i.e., levels, level rods, etc.)
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Article XIV. QUARTERLY REPORT:

A. The Contractor shall submit a quarterly report to the COR within
10 days of January 1, April 1, July 1, and October 1. The quarterly report
shall contain the following:

1. Name of each site where a currentmeter measurement has been
taken and number of measurements taken at that site during the quarter.

2. Name of each site where a water-quality sample was collected
and number of times sampling was done during the quarter. Number and type
of samples submitted to Central Laboratory for analysis during the quarter
for each site.

3. Name of each site where a sediment sample was collected and
number of times sampling was done during the quarter. Number and type

(equal transit rate or automatically collected) of samples submitted to the
Oklahoma City Laboratory.

4, Continuous Recorders:

a. Name of each site for which digital tapes were sub-
mitted for processing and number and types (gage height or momitor) of
tapes submitted for processing during the quarter.

b. Name of each site with continuous recorder (both gage
height and monitor) and number of days of continuous record collected
during quarter (period of satisfactory gaging station operation). Number
of days the automatic sediment sampler collected samples correctly.

5. Brief discussion of problems encountered in contract opera-
tion during quarter.

B. The Contractor may choose to design a simple matrix at the begin-
ning of the contract, listing sites and the information required above as
headings in such a way that each quarter the required information may be
filled in for submission to the COR.
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Part II
SPECIFICATIONS FOR
COLLECTION AND PROCESSING OF SURFACE WATER DATA

Article I. SCOPE:
A. INTRODUCTION

This section of the specification covers and defines the work to be donme in
the collection of streamflow data. The Contractor shall be responsible for
furnishing all labor, materials and equipment, except for that equipment
listed in Part VI which the Government shall furnish, for performing all
work required in the performance of the stream-flow data collection.

B. PRINCIPAL FEATURES

1. Work to be Performed. The work to be done under this section
by the Contractor includes the following principal features:

a. Operation and maintenance of gaging stations, including
datum control.

b. Maintenance and collection of complete and accurate
continuous stage (water-surface elevation) record at each gage site.

c. Taking of current meter measurements and corresponding
gage heights at each gaging station and at variable stages to adequately
cover the range in stage for each water year.

d. Development of a relation between stage and discharge
(instantaneous rate of flow), and continual adjustment of the relation to
reflect current physical conditions.

e. Computation of mean daily discharge, volumes, and peak
flow discharges from the continuous stage record and the relation between
stage and discharge.

f. Computation of flow at time of each sample collection and
annual peak-flow discharge at crest-stage sites.

2. Contractor's Responsibility. The above general outline of the
principal features does not in any way limit the responsibility of the
Contractor to perform all work and furnish all labor, materials and equip-
ment required by the contract, the specifications and the attachments.

C. LOCATION OF GAGING STATIONS

The location of gaging stations in Oklahoma where work is required under
this contract are shown in Attachment 1,

D. FREQUENCY OF INSPECTION AND MEASUREMENT

The frequency of inspection visits and measurements which the Contractor shall
perform at each gage site is shown in Attachment 2,
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E. GAGE DATUM

A permanent datum to which the records of stage at a gaging station are
referred must be maintained if the records of streamflow are to be accurate.
The best assurance of maintaining gages at correct elevations is obtained
only by periodic checking by level of all station reference marks and gages.
The frequency of levels shall depend in part on the degree of permanence of
the gages and reference marks. However, regardless of their apparent perma-
nency, the Contractor shall run levels, checking all station gages and
reference marks at least once each year. For those stations where it is
known or suspected that either gages or reference marks are not on solid

foundations and subject to vertical movement, levels shall be run more
often.

The Government has run the first levels and established the gage height and
elevation of all gages and reference marks. The Contractor shall rum a set
of check levels from a base reference mark located near the gage site (to
include any crest-stage gages, highwater marks, if any, and orifice) at each
site at least once each year. If there is a difference between inside and
outside gage readings that cannot be corrected, a short set of levels shall
be run to determine which gage is correct.

Article II. STATEMENT OF WORK:
A. OPERATION AND MAINTENANCE OF GAGING STATION

1. General. The Contractor shall provide for the operation and
routine field maintenance of hydrologic stations, and the collection, analy-
sis, and processing of accurate hydrologic data related to stream flow
quantities in accordance with applicable and recommended procedures now in
use by the USGS and detailed in manuals or bulletins furnished by the
Geological Survey and detailed herein. During every visit to each gaging
station, the Contractor shall follow the procedures for taking and recording
measurements and for proper and accurate accomplishment of all procedures
and responsibilities. The Contractor shall insure that his employees follow
the procedures outlined below. Failure to do so .shall subject the Con-
tractor to the default provision of this contract.

2. Maintenance of Gaging Station. Upon arrival at the station,
the Contractor shall make a visual inspection of the station and the sur-
rounding area to determine any changes or problems which may prevent con-
tinuation of later steps, and perform maintenance of the gaging station
site.

a. Minor maintenance. The Contractor shall perform minor
maintenance such as minor repairs necessary to keep the gaging station
operational, safe, and to maintain its appearance. Such minor repairs
include, but are not limited to, replacement of defective recorders and
timers which cannot be repaired in the field, replacement of outside staff
gages which have been damaged by debris or vandalism, relocation of bubble-
gage tubing and orifices (temporarily in order to get a continuing record,
and permanently when field schedules permit), replacement of defective
floats, and repainting and repairing the shelter as required. The Contractor
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shall furnish all labor and materials necessary to perform the work, with the
exception of those items of equipment that duplicate, replace, or repair
instrument or appurtenant fixtures that were provided by the Government.
Materials such as these shall be provided to the Contractor by the COR. The
Contractor shall keep the shelter clean and oil hinges, locks, and hasps.

The Contractor shall maintain a neat appearance at the site by clipping weeds
and grass around the station and in high-water measuring section to ensure
more accurate discharge measurements, removing debris, and generally keeping
the area clean. Minor maintenance shall be done at no additional expense to
the Government.

b. Major maintenance. Major maintenance is defined as repair
or services required to make the station operational after a period when the
station was inoperative because of vandalism, damage to station, or major
stream channel changes due to natural or man-made causes. Such major repairs
include, but are not limited to, extensive rebuilding of the gage house,
replacement of stilling wells, and complete replacement of instrumentation.
If the station is destroyed by natural or man-made causes, the Contractor
shall set a temporary reference point and hire a local observer, if possible,
to take daily or more frequent gage readings until the station can be repaired.
If the gage is inundated or destroyed by flood, it is important that these
gage readings be obtained during the flood or on the recession to reduce the
period of missing record to a minimum.

The Contractor shall within 3-days of discovery of a situation that might
require major maintenance, notify the COR and inform him of the amount and
costs of remedial work planned. The COR shall within 5-days after notifi-
cation, advise the Contractor whether or not to proceed with the work. All
work shall be completed as soon as possible after approval and in all cases
shall be completed within 30 days. Contractor shall furnish all labor and
materials necessary to perform the work, with the exception of those items of
equipment that duplicate, replace, or repair instrument or appurtenant fixtures
that were provided by the Government. Materials such as these shall be
provided to the Contractor through the COR.

All costs associated with major maintenance shall be handled outside of this
contract. The Contractor may or may not be requested to perform certain
major maintenance, but in no event shall the Contractor be obligated to
perform such maintenance under this contract, unless the need for the major
maintenance is due to negligence of the Contractor. If such negligence does
exist, then the Contractor shall be responsible for accomplishment of the
major maintenance at no expense to the Government.

All work performed shall be subject to inspection. Government shall have the
right to require the Contractor to perform the work again if the maintenance
work is defective or would reduce the major maintenance price to reflect
reduced value of services provided.

c. Site Security. The Contractor shall close and lock all
gates or doors wherever appropriate with regard to protection of the site.

d. Maintenance and Replacement of Nitrogen and Batteries.
The Government shall furnish the original Nitrogen gas and tanks required at
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the gaging station sites and one spare tank for every six gaging stations
equipped with bubble gages. The Government shall also furnish 7% volt
batteries to initiate operation of the equipment at each gage site.

The Contractor will be responsible for insuring continuous operation of the
gaging sites and will be responsible for refilling the nitrogen tanks, supply-
ing, and replacing the batteries. If operated correctly, a 112 cubic foot
nitrogen tank will last over 12 months. The Contractor shall replace the
nitrogen tanks every 12 months. The Contractor shall replace batteries on

all recorders regularly at 6-month intervals. The Contractor shall replace

all recorder batteries in October and March or when the no-load voltage drops
below 7.0 volts.

Unforeseen events can cause batteries to run down and nitrogen gas to escape.
Maintaining spare filled tanks and having replacement batteries on hand is
the responsibility of the Contractor. Missing record because of failure to
replace nitrogen or batteries is unacceptable performance on this contract
and may subject the Contractor to a reduction in contract price, if warranted.

3. Initial Data Collected at Site. The collection of data from
the station recorders and instruments is a continuous process that follows
each step taken in the succeeding instructions, and to insure a permanent
record of these data the Contractor shall use every precaution to assure
adequate recording and documentation. The data and information collected
initially and throughout station servicing shall include:

a. Station name, in full;

b. date: month (name, not number), day, and year;

c. time: watch time using 24-hour time system;

d. pen time of analog recorder, punch time on digital recorder;
e. types of inside and outside gages and gage height;

f. gage height by float tape or manometer dial, the reference
gage, and the recorders;

g. initials of Contractor(s);

h. additional remarks related to station conditioms, includ-
ing control conditions.

4. Servicing the Stage Recorder. After the initial visual checks
and preparation of the record sheet, the Contractor shall service the stage
recorders. This servicing is done prior to discharge measurements so that
the recorders can be observed to be functioning correctly after new tapes are
started. It serves as a safety valve for prevention of record loss due to
such common mistakes as leaving the pen up or clock stoppage after winding.
The recorders shall be serviced using the following procedures as a guide:
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a. Check to see if the clock and/or timer is running and
mark the recorder charts.

(1) by marking the point where the pen or pencil is
resting on the strip-chart recorder (adjust timer if needed or replace if
timer has been malfunctioning), and

(2) by watching the instrument punch the digital tape
and drawing a line across the digital tape, using the top of the punch
block as the straight edge.

b. Compare gage readings and recorded gage heights and
check to see if there is a malfunction of the equipment such as:

(1) if the stilling well intakes are plugged,

(2) if there are any malfunctions in the gas-purge
system of the bubble gage or if the orifice lines are plugged,

(3) if there has been any oil loss from an oil cylin-
der, and

(4) if there are any inconsistencies between the recorded

and reference gage heights, note them so that adjustments can be made to

the recorded gage height. In stations equipped with a bubble gage, check
the counter.

c. Records shall be removed from each recorder at intervals
not to exceed 2 months. Change the record from each recorder as follows:

(1) Analog recorder

(a) At the time of initial inspection the time
shall be indicated by a vertical mark of the pen or pencil. The float tape
or cable should be grasped between the float and the float wheel and lifted
a few hundredths and gradually released. The mark should not be made by
rocking the float wheel because it places undue strain on the float wheel
bearing. If equipped with a bubble gage, the Contractor shall mark the

chart by pushing the up or down switch so that the pen trace is changed a
few hundreds.

(b) Advance the chart about 1 inch. Run a rever-
sal mark and adjust if necessary.

(c) Blot the ink at the end of the recording to
prevent smears.

(d) Identify the chart by printing the name of the
station, date, time, gage height readings and initials of person.

(e) Cut and remove the chart, leaving at least 1
full day in addition to the day of the visit on the end of the chart to
provide ample room for joining the pieces in the office.
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(f) Wind clock or negator spring.

(g) Check the amount of paper left on the supply
roll and make certain that there is more than enough to last the interval
between visits.

(h) Flush intakes or purge orifice line.

(i) Rethread the chart into take-up rolls and run
reversals, read all gages again, and record all data and observations on
the chart.

(j) Reset pen to agree with the gage height indi-
cated by the reference gage, and advance chart to agree with watch time,
and make a vertical mark. Be certain that pen is not in reversal.

(k) Check the ink supply of the pen and replenish
it if necessary.

(m) Unroll and examine the chart in an effort to
detect any recorder malfunction or clock stoppage since the last visit and
if found note range line.

(2) Digital recorder: When arriving at a station, look
at the face of the timer to see if a punch would occur in about the next 5
minutes, the time it would take to remove the punched record and reset the
tape. If so, it is better to wait until the punch has occurred before
starting the tape removal procedure. Fill in the removal block of the

inspection slip. When ready to remove the punched record, follow the steps
listed below.

(a) Turn the take-up roll to advance the tape
about 9 inches beyond the last punch, cut the tape with a knife or razor
blade just above the upper paper guide bar.

(b) Slip the roll of punched tape off the take-up
roll.

(c) Note the date, watch time, clock time and gage
height on the tape just removed but do not take the time for elaborate
notes until after the tape has been reset.

(d) Check battery voltage or amperage and record.
Replace battery if no load voltage is less than 7.0 volts.

(e) Flush intakes or purge orifice line.

(f) Thread the paper onto the take-up roll. Care
should be exercised not to elongate the large feed holes in the tape on the
pins protruding on the tape drive drum by turning the take-up roll too
hard. Advance the tape until the printed line on the tape just above the
punch block is about eight readings earlier than watch time. (On the
15-minute tape, this would be 2 hours earlier than watch time.)
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(g) Record the station name, station number, date,
time and initials of Contractor on the unused portion of the beginning of
the new tape and start new inspection slip.

(h) Reset the punch mechanism, if necessary, to
agree with the gage height indicated by the reference gage.

(i) Punch sufficient test punches so that the next
punch caused by a properly set cam will be at the correct time.

(j) Draw a penciled line across the top of the
punch block so that later the test punches can be separated from the auto-
matically recorded data. If the preset action has already taken place
before the line was drawn, the line will pass through the last test punch;
if not, the line will be above the last test punch. Care must be exercised
not to tear the paper with the pencil.

(k) After resetting the tape, record the station
name and the remaining notes on the tape just removed. At this point take
time to superficially examine the last portion of the tape just removed for
any obvious trouble which would call for action before leaving the station.
This examination should include rolling the tape back about 3 feet to check
damaged or poorly spaced holes in the tape or places where feed holes are
skipped (these can be seen most easily by looking at the reverse side of
the tape). Gross time errors and timer stoppages can be found by checking
day numbers against calendar days. Attach inspection slip to removed tape
with a rubber band. Prior to leaving the station, check to see that there
is sufficient tape on the supply roll. If the amount of tape on the supply
roll is in question, remove the left flange on the supply roll holder and
measure the thickness of the paper remaining. The following table gives
the approximate thickness against days of tape remaining:

Days Remaining on Supplv Roll

Thickness of Days remaining on supply roll

remaining tape Reading frequency

on supply roll 5 min 15 min 30 min 60 min
1/4 inch 10 30 60 120
7/16 inch 20 60 120 240
9/16 inch 30 90 180 360
11/16 inch 40 120 240 480

(m) When visiting station but not changing tape or
chart, note recorder readings and base reference gage readings on tape
leader and chart, but do not advance tape or chart.

d. If the station consists of a stilling well with a float-
operated recorder,

(1) check the float for leaks,
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(2) check the float-clamp screw to make sure that
there can be no slippage of the float tape where it joins the float,

(3) check the well for unduly large accumulations of
sediment and remove such material,

(4) check the depth of o0il in the oil tube, if there
is one, to detect any oil leaks and if any oil should be added,

(5) flush the intakes regularly if the well is equip-
ped with a flushing system, or if there is no such system, force clean the
intakes with a plumber's snake, and

(6) 4if there has been a high discharge since the last
visit, check the stilling well, both inside and out, for high-water marks
as a check on the peak stage shown on the recorder. If the equipment
malfunctioned since the last visit, the high-water mark information is used
to estimate missing record. After this check, clean the marks off to
prevent confusion with later high-water marks.

e. If the station is equipped with a bubble gage sensor,
there are several other checks that are necessary:

(1) Inspect the bubble orifice to make sure it is not
buried by sediment.

(2) Keep a log of gas-feed rate, gas consumption, and
gas-cylinder replacement to insure a continuous supply of gas and to help
check for leaks in the system; and

(3) If a high discharge has occurred since the last
visit, look for a high-water mark near the base reference gage as another.
check on the recorded peak stage. Record gage height of outside high-water
mark on measurement front sheet.

5. Completion of Gaging Station Servicing. After making the
proper measurements:

a. The Contractor shall return to the stage recorder and
repeat the first steps he took in servicing the recorder as a check.

b. The Contractor shall keep in mind several additional
points when servicing the gaging station.

(1) Periodic cleaning and oiling of the recorder and
clock or timer can reduce malfunction of the recorder.

(2) Humidity and temperature control reduce errors
associated with paper expansion and contraction. Excessive humidity and
temperatures in the gage house should be kept to minimum by proper venti-
lation.
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(3) the datum of gage will be checked annually with
levels to maintain datum control and assure reliability of gage readings.
If conditions are known to be unstable, levels will be run more often;

c. The Contractor shall not leave the station without
assuring himself that:

(1) the recorded gage height agrees with the gage
height of the base reference gage;

(2) that the clock is running; pen and punch set to
agree with watch time;

(3) that all necessary valves are open;
(4) that the float wheel, if any, is engaged;

(5) that the pen is marking, and the digital recorder
is punching;

(6) all latches on instruments are fastened, and all
gates and doors are locked.

6. Duties before Preparing for Discharge Measurement. After
servicing the station and before preparing for the discharge measurement,
the Contractor shall:

a. Make certain that his duties in the station have been
done correctly and accurately and that the station is functioning properly.

b. Make certain that he has all of the appropriate forms
and equipment needed for a discharge measurement and that all structures
needed for this measurement are standing and in safe condition. Any prob-
lems should be noted on the note sheet, if they were not noted during the
visual check earlier.

7. Preparation -for Discharge Measurement. The Contractor shall
prepare for the discharge measurement in the following manner.

a. Select a reach of stream for the cross-section measure-
ment that has desirable qualities.

(1} If the stream cannot be waded and high-water
measurements are made from a bridge ‘or cableway, the Contractor has no
choice with regard to sele¢tion of a measurement cross section.

(2) If the stream can be waded, the Contractor looks
for a cross section of channel with the qualities below. (Note: It will
often be impossible to meet all of the criteria and the Contractor must
exercise judgement: cross section lies within a straight reach and flow
lines are parallel to each other; velocities are greater than 0.5 ft/s
(0.15 m/s) and depths are greater than 0.5 ft (0.15 m); stream bed is
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relatively uniform and free of eddies, slack water, and excessive turbu-
lence; and measurement section is relatively close to the gaging station
control to avoid the effect of tributary inflow between the measurement
section and control and to avoid the effect of storage between the measure-
ment section and control during periods of rapidly changing stage.)

(3) If the stream cannot be waded and the measurement
is to be made from a boat, the cross section should have the above attri-
butes with a few exceptions: depth is not a consideration in this case
because if the stream is too shallow for a boat, it can easily be waded;
velocity in the measurement section is especially important, because if the
flow is too slow, meter registration may be affected by an oscillatory
movement of the boat from wind action; where a vertical~axis meter is used,
meter registration may be affected by vertical movement of the boat by
waves. If velocities are too fast, the tag line is difficult to string
across the stream.

(4) If the station is downstream from a hydroelectric
power plant, the stage generally changes too rapidly to assure a satis-
factory discharge measurement regardless of the type of measurement to be
made. In this case, the Contractor should obtain an up-to-date schedule of
operations from the power plant operator or determine the operating sche-
dule from the gage height recorded on the chart; and plan to make discharge
measurements near the crest or trough of the stage hydrograph or during
periods of near constant discharge from the power plant.

b. Determine the present width of the stream and the
spacing of verticals.

(1) Several methods may be used to determine stream
width: If a cableway or bridge is used regularly for making measurements,
they are marked at 2-, 5-, 10-, or 20-foot intervals by paint marks, and
the Contractor can simply use these marks to determine the stream width; if
the measurement is made by wading, run a metallic tape or tag line from one
bank to the other, take up the slack, and determine the width accordingly,
if a boat is r:eded to make a measurement because there are no suitable
bridges, or cableways, unreel the tag line as the boat crosses the stream,
take up the slack with a block and tackle attached to the reel and to an
anchored support on the bank, and determine the width accordingly. (Note:
If the stream has boat traffic, take necessary precautions to insure that
this traffic does not interfere with the tag line.)

(2) While preparing the tag line the spacing of verti-
cals will be made to provide 25 to 30 subsections (if previous discharge
measurements at the site have shown uniformity of both the cross section
and the velocity distribution, fewer verticals may be used): space verti-
cals so that no subsection has more than 5 percent of the total discharge
(this is seldom achieved when 25 subsections are used); do not space all
observation verticals equally unless the discharge is evenly distributed
across the stream. Spacing between verticals should be closer in those
parts of the cross section that have greater depth and velocities.
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¢. Prepare measurement note sheets for recording observa-
tions and data on the following:

(1) name of stream and location,

(2) date, party, type of meter suspension, and meter
number,

(3) time the measurement was started (using 24-hour
time system),

(4) bank of stream that was the starting point (use
letters LEW for left edge of water or REW for right edge of water when
facing downstream),

(5) control conditions,
(6) gage heights and corresponding times,
(7) water temperature,

(8) other pertinent information affecting the accuracy
of the discharge measurement and conditions which might affect the stage-
discharge relation.

d. Assemble appropriate equipment for current-meter measure-
ment and depth measurements depending on the means to be used in the measure-~
ment, and check all assemblies and instruments before proceeding. ‘

(1) Perform the following steps for general current-
meter assembly and maintenance: Before each discharge measurement, examine
the meter cups or vanes pivot and bearing, and shaft for damage, wear, or
faulty alignment; check the balance of the current meter on the cable-
suspension hanger; check the alignment of the rotor when the meter is on
the hanger or wading rod; adjust conductor wire to prevent interference
with meter balance and rotor spin; check stopwatch against Contractor's
watch for accuracy; check the automatic electric counter for defects; check
waders and boots for leaks; clean and oil meters daily when in use; clean
the meter immediately after use if the measurement is made in sediment~
pentagear, after oiling spin check the rotor to make sure it operates
freely (any problem should be noted on the field note sheet).

(2) If the measurement is to be made by wading, use
the type AA or the pygmy meter and attach it to the wading rod.

(3) 1If the measurement is to be made from a bridge or
a cableway because the stream is too swift to wade, the type AA meter is
also generally used, but the necessary supporting equipment must be assem=~
bled together with all auxiliary equipment.

(4) 1If the measurement is to be made from a boat, all
of the necessary equipment must be assembled at this point.
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(5) If the measurement is to be made from ice cover,
all of the necessary equipment must be assembled at this point.

e. Measure and record depth (if any) first at the edge of
the water and later at each vertical in the cross section. Depth deter-
mines the method of velocity measurement to be used, normally either the
two~point (0.2- and 0.8-depth) or the 0.6-depth method. The 0.6-depth
method is recommended whenever the depth is between 0.3 foot and 2.5 feet.

(1) If the current-meter measurement is to be made by
wading, the graduations on the wading rod provide the instrumeant for depth
measurement.

(2) 1If the current-meter measurement is to be made
from a cableway or a bridge, depth can be measured with a sounding reel
equipped with a depth indicator, tags placed on the sounding line at a
known distance above the center of the meter cups, or a handline measured
after a sounding weight has been lowered to the streambed and then raised.

(3) If the current-meter measurement is to be made
from ice cover, the effective depth of the water is the total depth of
water minus the distance from the water surface to the bottom of the ice.
Total depth of water is usually measured with an ice rod or with a sounding
weight and reel depending on depth.

£f. Compute the setting of the meter for the particular
method to be used after determining depth, and record the meter position.
Several methods are used, depending on the depth of the stream: The vertical-
velocity method, the two-point method, 0.6-depth method, the 0.2-depth
method, the three-point method, and the subsurface method.

8. Taking of Discharge Measurement. The Contractor shall strictly
follow the methods and procedures described in the "Techniques of Water-
Resources Investigations of the United States Geological Survey, Book 3,
Chapter A8, Discharge Measurements at Gaging Stations" and the procedures
outlined below in making the discharge measurements.

a. If the measurement is to be made by wading:

(1) If natural conditions for measuring are in the
range considered undependable, modify the measuring cross section. Often
it is possible to build dikes to cut off dead water and shallow flows in a
cross section, or to improve the cross section by removing rocks and debris
within the section, from the reach of stream immediately upstream from it,

and from the control. Allow the flow to stabilize before starting the
measurement.

(2) Determine the depth and the method for velocity
measurements as described above.
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(3) Stand in a position that least affects the velo-
city of the water passing the current meter; this is usually obtained by
facing the bank with the water flowing against the side of the leg. Hold-
ing the wading rod at the tag line, stand from 1 to 3 inches downstream
from the tag line and 18 inches or more from the wading rod. Avoid stand-
ing in the water if the feet and legs would occupy a considerable percen-
tage of the cross section of a narrow stream. In small streams where the
width permits, stand on a plank or other support rather than in the water.

(4) Xeep the wading rod in a vertical position and the
meter parallel to the direction of flow while observing the velocity. If

the flow is not at right angles to the tag line, measure the angle coeffi-
cient carefully.

(5) Place the current meter at the proper depth, point
it into the curreant, and allow rotation of the rotor'to adjust to the speed
of the water current before starting the velocity observation. The time
required for this is generally only a few seconds if velocities are greater
than 1 fps; but for slower velocities, particularly if the current meter is
suspended on a cable, a longer period is needed.

(6) When the adjustment is complete, count the number
of revolutions made by the rotor for a period of 40 to 70 seconds; start
the stopwatch simultaneously with the first signal or click and count is as
""zero" not "one"; end the count at a convenient number coinciding with one
of those given in the column headings of the meter rating table; stop the
stopwatch at that count and read to the nearest second (or to the nearest
even second if the watch hand is on a half-second mark); then record that
number of seconds and number of revolutions.

(7) After sampling the velocity, obtain the mean of
the vertical distribution of velocity. The partial discharge is now com-
puted for any partial section at location X.

(8) 1f the velocity is to be observed at more than one
point in the vertical, determine the meter setting for the additional
observation, time the revolutions, and record the data.

(9) Move to each of the observation verticals and
repeat the procedure until the entire cross section has been traversed,
recording distance from initial point, water depth, meter-position depth,
horizontal flow angle (if other than normal to the cross section), revolu-
tions of the meter, and the time intervals associated with these revolu-
tions. Between measurements, keep the following in mind: Periodically
check the current meter when it is out of the water to be sure that the
rotor spins freely; note the time on the left margin of the note sheet
every 15 minutes, especially if the stage is changing; place the meter rod
ahead of and upstream from the feet to prevent scoured depressions left by
the feet from affecting soundings or velocities. (Record an accurate
description of streambed and water-surface configuration each time a dis-
charge measurement is made in a sand-channel stream.)
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(10) When the measurement is complete, record the time
and streambank where the measurement ended (LEW or REW), and repeat the

procedures outlined in 7, d above for care and maintenance of the equip-
ment.

b. If the measurement is to be made from a cableway:

« (1) Measure the depth after the entire assembly is in
order.

(2) After determining the proper method to be used for
velocity measurement, the meter assembly is lowered into the water from the
cable car to the appropriate depth and at the appropriate vertical. The
procedure is basically the same as in wading measurements.

(3) There are a number of precautions to take when
making a measurement from a cableway: Movement of the cable car from one
station to the next makes the car oscillate for a short time after coming
to a stop, so wait until this oscillation has dampened to a negligible
amount before counting the revolutions of the current-meter rotor; if large
amounts of debris are flowing in the stream, raise the meter up to the
cable car several times during the measurement to be certain the pivot and
rotor of the meter are free of debris; keep meter in water during measure-
ment if the air temperature is considerably below freezing; and if the
weight and meter become caught on a submerged object or on floating debris
and it is impossible to release them, sometimes the cable car can be pulled
to the edge of the water and the debris can be released. If safety becomes
a predominant factor under an emergency situation, it may be necessary to
cut the sounding line and sacrifice the meter and assembly.

c. If the measurement is to be made from a bridge:

(1) Many measuring sections under bridges are satis-
factory for current-meter measurements, but cableway sections are usually
better.

(2) No set rule can be given for choosing between the
upstream or downstream side of the bridge when making a measurement, but

each has its advantages and the decision should be made for each bridge
individually.

(3) Use either a handline or a sounding reel supported
by a bridge board or a portable crane to suspend the curreant-meter assembly
from bridge, keeping the equipment several feet from piers and abutments if
velocities are high. Estimate the depth and velocity next to the pier or
abutment on the observations at the vertical nearest the pier. If there
are piers in the cross section, more than 25-30 partial sections will be
needed to get reliable results. Piers will often cause horizontal angles
that must be carefully measured; they also cause rapid changes in horizon-
tal velocity distribution in the section.
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(4) Measure the velocity using methods discussed in
the preceding sections.

(5) Footbridges are sometimes used for measuring
canals, tailraces, and small streams, and rod suspensions can be used from
many footbridges. Determine depth for low velocities in the same way as
wading measurements and high velocities by taking the difference in read-
ings at an index point on the bridge when the base plate of the rod is at
the water surface and on the streambed. Handlines, bridge cranes, and
bridge boards can also be used.

d. If the measurement is to be made from ice cover:

(1) Select the possible locations of the cross section
to be used for a measurement from ice cover during open water season when
channel conditions can be evaluated.

(2) Always test the thickness of the ice cover with
sharp blows from a sharp chisel.

(3) Cut the first three holes in the selected cross
section at the quarter points to detect the presence of slush ice or poor
distribution of the flow in the measuring section. If poor conditions are
found, investigate other sections to find one free of slush ice and that
has good distribution of flow. Make at least 20 holes in the ice for
current-meter measurement, spacing the holes in the ice so that no partial
section has more than 10 percent of the total discharge.

(4) Determine the effective depth of the water, i.e.,
the total depth from streambed to the bottom of ice, accounting for diffi-
culties in determining depth caused by the wvertical pulsation of the water.

(5) The USGS recommends the use of the vane ice meter
under ice cover because the vanes do not become filled with slush ice like
the cups of the Price meter, because the yoke of the vane meter will fit in
the hole of the ice drill, and because the yoke and ice rod can serve as an
ice-measuring stick. The contact chamber can be rotated to any position,
so the binding post is placed perpendicular to the axis of the yoke to

avoid interference when using the top of the yoke to determine the under=-
side of the ice.

(6) Because the velocity distribution under ice cover
is similar to that in a pipe with a lower velocity nearer the underside of
the ice, the USGS recommends use of the 0.2- and 0.8-depth method for
effective depths greater than 2.5 feet. Two complete vertical-velocity
curves must be defined when ice measurements are made, to determine whether
any coefficients are needed to convert the velocity obtained by the 0.2-
and 0.8-depth methods to the correct mean velocity. A coefficient of about
0.92 usually is applicable to the velocity obtained by the 0.6-depth method.
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(7) Keep the meter as far upstream as possible to
avoid any effect that the vertical pulsation of water in the hole might
have on the meter; eliminate as much as possible the exposure of the meter
to the cold air during the measurement; keep the meter free of ice when the
velocity is being observed.

(8) 1If there is partial ice cover at a station, use
the above procedures where there is ice cover, and open-water procedures
elsewhere. If portions of the channel are alternatively ice covered and
open, measure in open water as far downstream from the ice as possible.

e. If the measurement is to be made from a boat:

(1) String the tag line as the boat moves across the
stream and mark the verticals to be measured and follow necessary proce-
dures if the stream has heavy traffic to prevent interference with the
line.

(2) If the maximum depth is less than 10 feet and the
velocity is low, use a rod to measure the depth and to support the current
meter; if the depth is greater, use a cable suspension with a reel and
sounding weight.

(3) Boat measurements are not recommended at veloci-
ties less than 1 fps if the boat is subject to wave action, because the
boat movement affects the velocity observations.

(4) The procedure for measuring from a boat using the
boat boom and crosspiece is the same as that for measuring from a bridge or
a cableway once the special equipment has been set up and the method of
positioning the boat has been established.

f. If measurement during rapidly changing stage is needed:

(1) Make the measurement as quickly as possible to
keep the change in stage to a minimum.

(2) Follow this 15~ to 20-minute procedure to speed up
the measurement: Use the 0.6-depth method, or the 0.2-depth method if this
is not suitable; reduce the velocity observation time to about 20-30 seconds;
reduce the number of sections taken to about 15-18. (Note: The expedien-
cies used here shall not be used by the Contractor in other than emergency
situations.)

g. If a series of measurements during a peak of short
duration is required, use the following procedure:

(1) Take about 10 sections.
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(2) Take velocity observations at 0.6 depth.

(3) Repeat velocity and depth observations at the same
10 sections with corresponding stages as often as possible throughout the
period of the flood.

(4) Develop stage-velocity and stage-area curves for
each of the 10 sections.

(5) Compute the discharge corresponding to selected
stages by summation of the partial discharges from the curves thus defined.

h. After the discharge measurement has been taken using

whichever method was necessary, determine the mean gage height of the
discharge measurement.

(1) This represents the mean height of the stream
during the period the measurement was made and is referred to the datum of
the gaging station. It is one of the coordinates used in plotting the
measurements to establish the stage-discharge relation, often called the
rating curve. An accurate determination of mean gage height is therefore
as important as an accurate measurement of the discharge to define the
stage~discharge relationship.

(2) Computation of mean gage height presents no prob-
lem when the change in stage is 0.1 feet or less, for then the mean may be

obtained by inspection, but during floods or regulation much greater changes
may occur.

(3) To obtain an accurate mean gage height: Read the
gage before and after discharge measurement; read the recorder chart at
breaks in the slope of the gage height graph during the measurement; if
station has a digital recorder, read the gage height punched during the
measurement; at nonrecording stations the only way to obtain intermediate
readings is for the stream gager to stop once or twice during the measure-
ment to read the gage, or to have another qualified person do it for him.

(4) 1If the change in stage is greater than 0.1 foot,

obtain the mean by weighting the gage-height readings rather than by inspec-
tion of the available readings.

(5) The mean gage height during periods of constant
slope of the gage-height graph and the corresponding measured partial
discharges are used to compute the mean gage height of the measurement.

(6) If a discharge measurement is made at a distance
from the gage during a change in stage, the discharge passing the gage
during the measurement will not be the same as the discharge at the measur-
ing section because of the effects of channel storage between the measuring
section and the gage. Adjustment is made for channel storage by applying
to the measured discharge a quantity obtained by multiplying the channel
surface area by the average rate of change in stage in the reach.
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(7) 1f a flood has reached a stage such that an esti-
mate of the discharge is two or more times the discharge of the highest
current-meter measurement, then high water marks should be flagged by the
Contractor for an indirect measurement to be made by the Government.

i. Measurement of discharge by miscellaneous methods when
conditions are such that use of a current meter is not feasible. (Note:

The expediencies used here shall not be used by the Contractor in other
than emergency situations.)

(1) During periods of high flow, floats may be used

when no current meter is available but the measurement structure such as a
bridge or cableway has been destroyed and boat measurement equipment is
unavailable or when a current meter is available but floating ice or drift
make use of the meter impossible. A float may be almost any distingui-
shable article that floats, such as wooden disks, bottles, oranges, float-
ing ice cakes, or distinguishable pieces of drift. To make a discharge
measurement using a float, follow this procedure:

i. select two (2) cross sections along a reach of
straight channel that are far enough apart so that the time the float takes
to pass from one cross section to the other can be measured accurately;

ii. use a travel time of at least 20 seconds;

iii. reference the water-surface elevation to
stakes along the bank at each cross section and at one or more intermediate
sites (these elevations will be used at a later date, when conditions
permit to survey cross sections of the measurement reach, and the end
stakes will be used to obtain the length of the reach; the surveyed cross
section will then be used to derive an average cross section for the reach);

iv. distribute a number of floats uniformally

across the stream width and not their positions with respect to distance
from the bank;

v. introduce the floats a short distance upstream
from the upstream cross section so that they will be travelling at the
speed of the current when they reach the upstream section. (If there is no
bridge or cableway from which to introduce the floats, they will have to be
tossed in from the shore.)

vi. use a stopwatch to time their travel between
end cross sections;

vii. note the estimated position of each float
with respect to the bank at the downstream cross section;

viii. determine the float velocity by dividing the
distance between the end cross sections by the time of travel, then deter-

mine the mean velocity in the vertical by multiplying the float velocity by
a coefficient of 0.83.
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ix. the procedure for computing the discharge is
similar to that used in computing the discharge for a coanventional current-
meter measurement; the discharge in each subsection of the average cross
section is computed by multiplying the area of the subsection by the mean
vertical velocity for that subsection, and the total discharge is equal to
the sum of the discharge for all subsectioms.

x. 1if the measurement is carefully made under
favorable conditions, accuracy may be to within *10 perceant, but wind may
adversely affect the accuracy of the computed discharge by its effect on
the float velocity, and in a nonuniform reach where only a few floats are

used in the cross section, measurement results may be in error by as much
as 25 percent.

(2) During periods of low flow, small discharges may
be measured by several methods.

i. The volumetric measurement is used only for
small discharges and is the most accurate method for measuring such flows.
This method is usually used when flow is concentrated in a narrow stream or
can be so concentrated to divert all of the flow into a container of known
volume; sites, with a V-notch weir control and a section of natural control
where a temporary earth dam can be built over a pipe through which the
entire flow is directed, are examples. Where dams are constricted to
divert flow-through pipes or troughs to volumetric tanks, time must be
allowed for flow to stabilize.

ii. Portable weir plates are used when depths are
too shallow and velocities are too low for a current-meter measurement. A
90 V-notch weir is particularly suitable because of its sensitivity at low
flows. A staff gage, attached to the upstream side of the weir plate with
its zero at the elevation of the bottom of the notch, is used to read the
head on the notch of the weir. After installation, a pool forms on upstream
side, and no readings should be recorded until the pool has risen to a
stable elevation. Read the head at half-minute intervals for about 3 minutes,
and the mean value of those readings should be the head used to compute
discharge. Remove the weir plate after completion of the measurement.

iii. A portable Parshall flume is also used when
depths are too shallow and velocities are too low for use of a current
meter. When using portable Parshall flumes, the submergence ratio should
not exceed 0.6. Read the gage height or upstream head on the throat of the
flume in the small stilling well that is hydraulically connected to the
flow. No gage-height readings should be recorded until the pool has risen
to a stable level after installation of the flume. Gage height readings
should be taken at half-minute intervals for about 3 minutes, and the mean
value of those readings is the stage to be used to compute the discharge.
Remove the flume after completion of the measurement.
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9. Evaluation of the Discharge Measurement. After the dis-
charge and the mean gage height of the measurement have been determined,
record the data on the station data sheet in the gage shelter and plot the
measurement on the field rating curve sheet. (Note: The Contractor will
check the discharge rating while still at the station to determine any
deviations from the trend established by previous measurements and to
decide if a check discharge measurement is needed. Some experience in
record computation and knowledge of station conditioans are needed to prop-
erly judge when a check measurement is warranted. If one is needed, use
another current meter. If the cause of the deviation is obvious, such as
debris on the control, and can be confirmed by direct means, then a check
measurement need not be made. If the Contractor's technician is inexperi-
enced, he will plot the discharge measurement in the office under the
guidance of the Contractor's supervisory personnel. Any deviations dis-
covered at this point may warrant a return visit by the Contractor's tech-
nician and his supervisor to determine the causes. This information will
be discussed more fully in Section 10.

10. Listing Discharge Measurement (SF 9-207) in Office

The Contractor's field technician should have computed all his current-meter
measurements and completed the front sheet of his field notes by the time

he returns from his field trip. The office supervisor shall check these
measurements for conformance to USGS standards, and then they shall be
listed on Standard Form 9207.

SF 9-207, when completed, is the list of discharge measurements. It is a
continuing form, that is, the current year's record is started at the end
of last year's tabulation without starting a new sheet. In filling out
this form, the following steps should be taken in the order listed:

a. Check mathematics of the measurements and accept those
that check the rating +5 percent.

b. Arrange current discharge measurements in chronological
order, including notes marked "Visits." Check against the SF 9-213 to see
that all measurements are at hand.

¢. Number the discharge measurements (excluding "Visit"
notes and observations of no flow) consecutively.

d. Check level notes for datum corrections, and, if needed,
make necessary corrections to gage heights of measurements.

e. Compare the measurements with the gage height record to
check the gage height shown on the measurement sheet.

f. Copy results of discharge measurements on SF 9-207.
Some general notes on copying this information are as follows:

(1) 1If a new sheet is started, letter or type exact
station title in lower-case letters.
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(2) Insert applicable statement "Beginning 1978 Water
Year" or '"1978 Water Year continued." Put this statement on a line by
itself. Skip a line between the last measurement in one calendar year and
the first in the next and insert the year on this line in the "Date" column.

(3) Fill in columns as follows:

(a) Column headed '"No.": Insert measurement
number.

Occasionally work is done for information obtained on a visit when no
measurement is made. If this information has a bearing on computation of
the record, it should be included on the 9-207 in its proper chronological
place. Do not number such entries (dash "No." column), but insert informa-
tion in proper spaces. This information may concern gage height of zero
flow, levels to a flood peak, cleaning of control, etc. Use as many lines
on the form as are needed to record all important data. Observations of no
flow are listed in their proper order but are not numbered.

(b) '"Date": Use the abbreviation for the month
as "Oct. 14" instead of "10/14."

(c) "Made by": Show who made measurement using
first and last name. If two people made measurement, last name of person
who operated the meter should be listed first and the notekeeper, second.

When the same person or persons made more than one measurement, '"do" may be
used for all consecutive measurements.

(d) "Width;" "Area;" '"Mean Velocity;" "Gage
Height": copy from measurement notes.

For measurements by slope-area or other indirect method, both the inside
and outside gage height should be shown when gage height is obtained from
recorder or crest-stage gage.

(e) '"Discharge": The measured discharge should
be given on the line. If the discharge has been corrected for change in
storage or by Boyer method, the adjusted discharge should be shown above
the measured discharge with symbol "*'" designating change in storage, and
symbol /—+# for Boyer (adjusted discharge inside box for Boyer). Explain
correction under Remarks or at bottom of sheet.

(f) "Rating": Leave "Shift adj." and "Percent
diff." columns blank until record is computed.

(g) Fill in the next six columns from information
on first sheet of discharge measurements.

(h) '"Remarks": Under Remarks the gage height of

zero flow, condition of control or channel, place of making measurement (if
not at regular station), and anything which affects the accuracy of the
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measurement or record should be shown. If measurement was made a consider-
able distance from the recorder and there was a possibility of inflow
between, this fact should be noted. It is not necessary to show that a
measurement was made from a bridge, cable, or by wading unless the accuracy
of the measurement is affected by the method used. Measurements made by

methods other than with a current meter should be identified in this column
and the method of computation shown.

(4) Identification of preparer and checker: Spaces
are provided on the bottom of SF 9-207 for entry of range of measurement
numbers and initials. The person preparing the form should insert range of
measurement numbers and his initials in the spaces provided in the bottom
margin. All of the information on the form must be checked for accuracy of
copying and completeness. The checker should place his imitials im the
space provided in the bottom margin.

(5) Significant figures: For significant figures used
in SF 9-207, see sample of this form on the following page.

11. Development of Discharge Rating. The Contractor shall
follow the methods and procedures of Surface Water Techniques of the
United States Geological Survey, Book 1, Chapter 12, Discharge Rating at
Gaging Stations, and WATSTORE User's Guide, Volume 5, Section 1-B, Data
Translation/Transmission and Preparation, when a new rating curve and table
is necessary. When the choice of graph paper, scales, and scale offset
have been made using Chapter 12, the rating curve should be drawn by plot-
ting the discharge as the abscissa, and the gage height as the ordinmate.

a. Plotting discharge measurements. Each discharge measure-
ment is plotted in pencil as an open circle about 3/32 of an inch in dia-
meter, plotting from form 9-207. The guide line to the measurement is at
an angle of 45° and points at the center of the circle. The guide line
starts 0.2 inch from the circle and is 0.8 inch long. The number of measure-

ments should be shown at end of the guide line and parallel to it when
possible.

The rate-of-change in stage in feet per hour is shown on the guide linme to
all medium- and high-stage measurements, even though the change may be
zero. If there is an adjustment to a discharge measurement by Boyer method,
the adjusted discharge is plotted as an "X" and connected to the measured
discharge by a dashed line. If a measurement is adjusted for change in
storage between the gage and the measuring section, both measured and
adjusted discharge are plotted, using symbol ___ for the adjusted discharge
and connecting it to the measured discharge by a dashed line. The plotted
points, guide lines, measurement numbers, etc., are inked by the checker
and current year's measurements are blacked in with a soft pencil to dis-
tinguish them from the previous year's measurements.

b. Plotting discharge rating curve. (Note: The computa-
tion of the discharge rating is a major facet of the Comtractor's respoasi-
bilities and must be performed carefully and accurately). The rating is
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developed over the course of the water year with a new point plotted after
each visit to the gaging station by the Contractor's field personnel. A
separate discharge rating is kept for each station. The actual time that
the rating is plotted depends on the experience level of the personnel
involved. Measured discharge is plotted against concurrent stage on loga-
rithmic graph paper to define the rating curve. The rating curve presents
individual problems based on the control characteristics for the station, a
knowledge of which is prerequisite for the rating analysis.

(1) Determine the rating curve by plotting the dis-
charge as the abscissa and the gage height as the ordinate. A curve or
line is fitted by eye as each-point is plotted. Plotted points are tagged
with their identifying measurement number.

(2) If the station is new, select scales that will
accommodate the ranges of stage and discharge that are expected. If station
is not new, plot all the measurements made since the analysis of the pre-
ceding year on the points of the last-used rating curve. If the "Remarks"
column of SF 9-207 indicates that a measurement was made under altered

control conditions, indicate that fact temporarily alongside the measure-
ment number.

(3) If the rating deviates appreciably from the trend
established by the previous measurements, a check measurement may be neces-
sary. Check the computations of discharge and gage height of the origimal
measurement, particularly the addition of the incremental discharges. Use
the trend of previous measurements with respect to the latest curve, and
not the curve itself, as the basis for judgment. Note: At a new station,
many discharge measurements are needed to define the stage-discharge rela-
tion throughout the entire range of stage. Periodic measurements are
needed thereafter to either confirm the permanence of the rating or to
define changes (shifts) in the rating.

(4) Determine if the last-used rating ia applicable
for part or all of the water year by computing percentage departures of
measured discharges from the discharges for the measurment stages as indi-
cated by the last-used rating table. Then tabulate the percentages on the
list of discharge measurements.

(a) 1If departures are random in sign (%) and
within %5 percent, the last-used rating is kept in effect.

(b) 1If departures are more than 5 percent but the
indicated change in rating is short-lived (less than 1 or 2 months), do not
establish a new rating curve for the short period. Instead, apply gage-
height shifts either to the rating in use prior to the period of shifting
controls or to a new rating that is established for use starting with the
period of shifting control.

c. Checking. Scales, title, notes, etc., shall be done
originally in ink, but in general, everything else is done in pencil. The
checker, after making any corrections, completes inking and cleans the
form.
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d. Review. The hydrologist-in-charge shall review each
curve sheet. When satisfied that it is complete 'in all respects, he shall
sign it in the special box to be drawn in the lower right-hand corner of
the sheet.

12. Computation of Rating Table. The Contractor shall be famil-
iar with the manual method of computing rating tables described in b.
below. However, the Contractor shall be required to follow the computer-
generated rating table method described in c¢. below whenever a new rating
table is warrented.

a. If new rating is warrented:
(1) Consider the two columns headed "Rating on
SF 9-207.

(2) Draw a heavy line across the columns between the
last measurement for the last-used rating and first measurement of the new
rating, and above the later measurement, insert the new rating number.

(3) Compute shifts and enter them for any ice-affected
measurements, but do not compute percentage differences.

(4) Add the closing date for the old rating to the
rating curve plotted on graph paper, and add the starting date for the new
rating curve. Tag the new curve with its identifying number.

(5) If the measurements and curves accumulated on a
rating-curve sheet clutter the sheet, plot the new rating curve on a fresh
sheet. Transfer old high-water and extreme low-water measurements that are
needed as supporting data for the new rating curve to the new curve sheet.

b. Manual method. Basic rating curves to be used during
the water year have now been defined and the next step is to transfer the
ordinates of the rating curve to a rating table. This is a tabular expres-
sion of the information that is presented by the.rating curve, and it
provides a more convenient way of obtaining the discharge corresponding to
any given stages. (Use SF 9-210.)

(1) Transfer to the rating table the identifying
number of the rating and its starting date or period of appliecation.

(2) Read the discharge, starting with the low-water
curve, and tabulate it at intervals of 0.1 foot of stage on the standard
rating table form.

(3) On reaching the stage where the rating curve is no
longer strongly curvilinear, tabulate the discharge at intervals of 1.0 foot
or more. For those parts of the rating that are truly linear on a logarith-
mic plot, compute the discharge from the equation of the rating.
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(4) Fill in blank spaces in the discharge column of
the rating curve with values that are interpolated between the discharges
that were entered into the table.

(5) Compute differences in discharge for each 0.1 foot
of gage height and enter them in the appropriate column of the rating
table. Differences should increase uniformly with stage, but this will
seldom result from the discharges first entered from the rating curve.

(6) Adjustment of the rating table must be done judi-
ciously so the recomputed discharges do not depart significantly from the
original rating curve values, particularly in the vicinity of the plotted
discharge measurements.

(7) 1If difficulty is encountered in smoothing the
progression of different values while still adhering to the rating curve,
compute second differences per tenth of a foot of stage. Then adjust the
second differences to form a uniform progression.

(8) Recompute the first differences and recompute the
discharges.

(9) To obtain discharges from the rating table for
gage heights that are expressed in hundredths of a foot, compute the linear
interpolation between the values shown for tenths of a foot of stage.

(10) Each rating table should be complete within itself
for the entire range of stage through which it will be used so that it will

not be necessary to refer to some other table that may be partially the
same.

(11) Fill in the blank spaces below the rating table to
indicate the data on which the rating is based, the range of discharge that
was actually measured by current meter, and the basis of rating-curve
extrapolation.

(12) Use the completed rating table as the basis for
computing the percentage differences for discharge measurements on SF 9207
and replot rating curves in final form.

c. Computer generated rating table method. After the
rating curve is drawn and checked, the Contractor shall use the following
procedure to obtain a computer-generated rating table.

(1) Code SF 9-1873A, rating coding form , im accor-
dance with WATSTORE manual Volume 5, Section 1-B Data Translation/Transmis-
sion and Preparation, pp. 47-48.
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(2) Rating points (cols. 33-80) shall be carefully
selected at the end points of straight line portions of the rating curve.

(3) Send SF 9-1873A to the USGS for processing of a
computer printout of the rating table.

(4) Upon receipt of the rating table, carefully review
and verify it against the rating curve.

(5) If discrepancies exist, resubmit forms to USGS
with revised or additional rating points.

NOTE: The Contractor should be completely familiar with the manual compu-
tation of rating tables before using the computer generated computations
method.

How these various methods are incorporated into the primary computation of
records program and how the ratings are stored in the USGS rating file,
will be discussed at the training seminar referred to in Part I, Article 10.

d. Shifting control adjustments. There is a certain
cross-section on river and canal stations that control the relation between
gage height and discharge. This may be a rock riffle, a sand or gravel
bar, a natural constricted section, a dam, weir, flume, or collection of
drift. It may be a stretch of the channel where only friction of bed and
banks acts as control. When this section, called the control, is permanent
or unchanging, there will normally be the same amount of water passing the
gage for a given gage height. This seldom happens in nature. The sand
bar, gravel bed, or drift pile changes during flood periods, debris is
piled on rock fiffles, and aquatic vegetation, silt, and drift accumulate
in channels, on and behind dams, and in flumes.

All of these control changes are reflected in the plotting of discharge
measurements on the rating curve. Theoretically, a new curve should be
drawn following each of these changes. However, instead of drawing new
curves for each change in the state-discharge relation, a correction to the
curve or table is developed, called a shifting-control correction on SF 9-207.
Two columns down the center of the form were left blamnk when this form was
made. At the top of these two columns is blank when this form was made.

At the top of these two columns is "Rating ___ " and the individual column
headings are "Shift adj. feet" and "Percent diff." Place the rating table
number in the upper blank if that table will be in use during the period
when the first discharge measurement on the page was made. If a change in
rating occurs between two measurements listed in the body of SF 9-207, draw
a heavy line across these two columns below the last measurement applylng

to the prior rating table and write the number of the new table just below.
Compute to hundredths of feet the gage height from the rating table which
would produce the discharge shown on the measurement or as close to the
measured discharge as possible. The difference between this computed gage
height and the gage height of the measurement is the shift. If the computed
gage height is the greater the shift is plus; if less, it is a minus. This
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should be checked with the curve according to the following criteriom: If
the plotted measurement is above or to the left of the curve, the shift is
minus; if below or to the right, it is plus. Frequently errors in shift,

plotting of points, and location of rating curves are picked up from this
check.

It is obviously unlikely that a measurement will plot exactly on a rating
curve, even if there are no shifts in the stage-discharge relations. A
shift should not be computed for a measurement if that measurement plots
sufficiently close to the curve to be within the percentage of the rating
of the measurement. Therefore, one should compute actual percent dif-
ferences without shifts before computing shifts. If all measurements are
within the measurement rating and plot both plus and minus from the rating,
computing shifts is unnecessary except in special cases where greater
refinement is desired. On the other hand, if all measurements for a vear
plot within the rating and are all on the same side of the curve, one
should comnsider shifting to all of them or drawing a new curve. When it
has been decided to continue with the old rating, the analyst should com-
pute, in pencil, percentage differences for each measurement to be used
directly, placing the percentage in the second column. He should then
compute the necessary shift adjustment for each measurement to be shifted
to and the percentage difference after the shift adjustment has been made.
The checker verifies the arithmetic of the computed shifts and percentage
differences and inks them.

The checker should pay particular attention to the plus and minus sigas.
It is very easy to err in the sign of a shift. Too often a station record
must be revised after computation because shifts have been applied in the
wrong direction. A good method to check the sign of the shifts is as
follows: Add the shift adjustment algebraically to the gage height of the
measurement, enter the rating table at this gage height; if the computed
discharge at this point equals the measured discharge, then the shift has
been computed correctly.

The analyst initials and dates the proper spaces on charts and gage-height
books.

e. Applying shifts. The Contractor shall apply shifts to
the daily gage-height record to obtain the true discharge by:

(1) Prorating the shifts by time, i.e. from one measure-
ment to the next.

(2) Prorating the shifts by stage, i.e. change shifts
when the gage height changes.

(3) A combination of the two methods.

f. Submitting shifts. The Contractor shall provide shift
information to the USGS as follows:
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(1) Time prorated--list shifts on SF 9-1536.

(2) Stage prorated--provide data on SF 9-1874A as per
the "Discussion of Varying Shift with Stage" in WATSTORE Users Guide,
Vol. 5, Chap. 1C.

13. Transmittal of Digital Recorder Records. To facilitate the
analysis and processing of surface-water data recorded by digital recorders,
the Contractor shall function similar to a USGS field office wherein digital-
records material shall be provided to the USGS office to be translated and
submitted for computer processing of water-level records. Processing of
the digital tape involves converting each field recorded value (usually
represented by gage height) to a corresponding output parameter (usually
discharge), obtaining daily means and extremes for print, and storing
selected items in the Daily Value File on magnetic disk.

a. Digital recorder

(1) The basic data are dial readings punched at uni-
form time intervals by digital recorders on l6-channel tapes at the field
installations. The Contractor shall transmit the digital tapes in accor-
dance with WATSTORE User's Guide, Volume 5, Section 1-B, Data Translation/
Transmission and Preparation, and as follows:

(a) The l6-channel tapes should be listed on
transmittal letter SF 9-1609 for transmittal to the USGS.

(b) List the stations in downstream order and
show the period of record.

(c¢) 1Indicate the rating table or conversion table
(if applicable) to be used for each period and also indicate with an asterisk
if the rating is in the ADP unit files or two asterisks if it is being
submitted to be coded on SF 9-1873A.

(d) Submit shift corrections and datum correc-
tions on SF 9-1874A or SF 9-1536.

(e) Submit information for the Daily Values on
coding form for input, and update the Daily Values - SF 9-1841 to SF 9-1844.

(£) Submit information on the Station Header File
on SF 9-1843A or SF 9-1872A. Organize the coding forms for processing
digital recorder data in the order required for that particular job to
insure that they will be punched and sorted in the proper sequence for
entry into the computer program.

(g) Submit the supplemental data with the 1lé-channel
tapes, i.e., in the same box, so that the USGS receives both items at the
same time.
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(h) Put the Contractor's name on each form to be
submitted. This will help insure that the computations and forms are
returned to the correct Contractor.

(2) Before transmission to the USGS, the Contractor
shall examine the tapes to detect any inaccuracies in the record length,
any improperly spaced feed holes or torn tape, or any clock stoppages.
Special notes concerning these items shall be made on the tape leader,

SF 9-176D or SF 9-176E, "Inspection of Digital Recorder,'" attached to the
beginning of the 16-channel tape about 6 inches ahead of the punched record.

(3) The Contractor shall attach a separate tape leader
to each complete and uninterrupted record. If the tape was advanced and
reset in the field, the tape should be cut at this point and a new leader
attached. The purposes for this are so that:

(2) The field office can precisely indicate on
the tape leader their translation requirements.

(b) The translation instruction block serves to
document for future reference the beginning and end of each period trans-
lated to magnetic tape for computing purposes.

(4) The block labeled "Translation Instructions'" of SF

9-176D and SF 9-176E is for identifying complete uninterrupted periods of
record for translation.

(5) Before each piece of l6-channel tape is translated
by USGS personnel, the information in the translation instruction block is
written on magnetic tape ahead of the record from the l6-channel tape. It
is important that the information listed here be correct because the sta-
tion number will be used by the computer program for matching the 16-channel

tape record with proper conversion tables and supplemental data on punch
cards.

(6) The beginning and end times listed in the trans-
lation instruction block are used to further identify the punched data that
immediately follow. The beginning tape time and the ending tape time
listed in the translation instruction block must agree exactly with the
times on the l6-channel tapes. The computer program uses these items to
divide the record into calendar days and hours. A comparison of the tape
ending time and the watch ending time is used to compute time corrections.
The maximum time correction that can be made by the computer program is 1
hour per day.

(7) 1If the clock stopped at any time, then the end
dates and times listed by the person servicing the recorder in the field
may have to be modified for entry in the translation instruction block. In
that case, the translation instruction block should be completed in accord-
ance with the assumptions made below.
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(a) 1If the clock stopped and did not start again,
the ending watch time should then be made to read the same as the ending
tape time in the translation instruction block on the tape leader.

(b) If the clock stopped and did restart, it may
be possible to make use of some of the later data if the times of stopping
and restarting can be determined. In this case, the translation instruc-
tions block should be completed for the period before the clock stopped. A
red pencil line should be drawn through the last punch of the first period
of record on the l6-channel tape to indicate the ending tape time for this
period. The first item beginning the next period of record should then be
marked with a red pencil (this could be the next punch or several punches

later depending on the nature of the clock stoppage). An expression for
time similar to

04-15 2200 = 1530
(date) (actual) (on tape)

should be made on the tape to clearly mark the beginning of the next period.
The date should also be indicated on the tape. The ending date and time of
the tape should be labeled in a like manner to show the difference between
actual and tape time. A second translation instruction block should be
prepared using the actual time (not time as printed on the tape) for the
second complete and uninterrupted period on the l6-channel tape.

(c¢) The procedure explained under paragraph b.
above should also be used any time that a record exceeds the maximum aumber

of days that are permitted on a single tape so that it has to be broken up
into two or more short records.

(8) All references to time should be in terms of
beginning and ending times and must be on a 24-hour basis.

(9) Mark the first automatic punch to be processed
with red pencil through the middle of the row of holes. The black pencil
line made in the field by drawing across the top of the punch block when
the tape is in position to start recording automatically, will be through
or just ahead of the last test punch, so the first automatic punch will be
one punch beyond this one. For digital monitor multiple-item records, the
red line must be drawn through item number one of the first complete sequence

of punches after the test punches to ensure that the data on the tape are
processed in proper sequence.

(10) Check to insure that the l6-channel tapes are
rolled so that the beginning day of the tape will come off first as it is
unwound. The inside diameter of the center of each strip of tape must also

be larger than 5/8 inch to permit direct insertion on the supply spool of
the translator or transmitter.

(11) A notation should also be made on the tape leader
if there are any "0000" values punched. If there are more than 8 or 10
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zero values punched consecutively, then the tape should be set up as explained
in paragraph (7)(b) above. An effort should be made to avoid punching zero
values because the magnetic tape translators and data transmitters are
designed to stop automatically on each "0000" value (no holes punches)

without recording the zero value on the magnetic tape.

(12) Occasionally, the punch pins in the digital recorder
may stick or the paper may fail to advance which causes illegal punch
combinations on the 16-channel tape. When these tapes are processed, the
output from the primary computation may contain some alphabetic symbols
instead of numeric data. Recorders that indicate these malfunctions should
be replaced or repaired immediately. The photoelectric readers on the
magnetic tape translators or data transmitters are designed to stop on
illegal punch combinations, but occasionally one will pass this test.

(13) These data are transferred to magnetic tape records
as described in the WATSTORE User's Guide, Volume 5, Section 1-B, Data
Transmission. The addition of identification information is made at this
time and includes site identification, elevation of the land-surface refer-

ence point, or reference datum, and the data corrections to the observed
readings.

(14) The Contractor shall furnish the analog record,
digital tapes with leaders completed, and coding forms to the USGS within
30 days after removal from the gaging station. These will become part of
the associated record for each site for preliminary processing.

b. Within 20 days after the above material is received by
the USGS, the primary computation sheets and computer produced stage dis-
charge ratings for each gaging station shall be returned to the Contractor
for editorial correction and review for correctness and completeness of

record. The Contractor shall insure that the proper rating and appropriate
shifts were applied correctly.

14. Computation of Daily Discharge. The Contractor shall deter-
mine values of mean daily discharge from the gage-height records which he
collects and the stage discharge relations which he develops. The Con-
tractor shall compute complete daily discharge records for all gaging
stations specified as "continuous record stations" in Attachment 8.

The Contractor shall be responsible for insuring that his personnel have
enough experience and technical understanding to compute daily discharge in
strict compliance with the procedures described in the Geological Survey
Technique Manuals and the WATSTORE User's Guide.

Discharge is computed from the gage-height record which may be obtained

from (1) a digital recorder, (2) once-daily or more frequency readings of a
non-recording gage, or (3) an analog recorder. Gage height for the first
type is coded on a l6-channel paper tape at pre-selected time intervals.
Computation procedures vary with the type of record and are set forth

below. The second type may consist of readings obtained by a local observer,
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recorded in an official gage-height book (form DI-8); special forms furnished
monthly by power companies or other allied organizations; or record furnished
by the Weather Bureau. The third type is in the form of a graph from a
water-stage recording instrument. If more than one record is available,

the digital record is the primary record, the graphic record is a supplement
to the primary record, and discharge should be computed from the type

record in the following order; digital, analog, then non-recording. Days

of no gage height from recorders or observation should be listed as such by

e, 1t

an "a" day on the computation sheets.

a. Digital recorder. The Contractor shall review primary
computation sheets produced by the USGS from digital recorder tapes submit-
ted in accordance with paragraph 13 above. Revisions, adjustments, addi-
tions, and corrections shall be made by the Contractor including, but not
limited to, the following: (1) estimated discharge for period of no gage-
height record, (2) adjustments for doubtful gage-height record, (3) revi-
sions for ice-affected periods or periods of back water, and (4) computa-
tion of peak discharge above a selected base.

The Contractor shall provide the revised and corrected primary computation

sheets and Daily Values update forms to the USGS for finalized printout of
daily-discharge tables.

b. Analog recorder. If the only gage-height record col-
lected at the site is an analog record, the Contractor shall manually
compute the mean daily gage heights, manually apply shifts and datum cor-
rections on a daily basis, subdivide as required, and manually compute the
mean daily discharge using the effective rating table for the period. At
most stations, however, digital recorders will be used and analog recorders
will only be used as a backup record in case of malfunction.

c. Non-recording gage. The Contractor shall record, in the
local observer's gage-height book, all readings recorded by Contractor
personnel on measurement notes. When all corrections have been noted and
all extra gage readings have been recorded in the observer book, the Con-
tractor shall compute mean daily-gage height by plotting observations on
recorder paper and constructing a graph to show the variation in gage
height. When the graph has been completed, it is tested in the same manner
as an analog-recording gage record.

d. Hydrograph. A computer generated hydrograph of daily
discharges shall be furnished to the Contractor for each station. It shall
be used as a tool to estimate periods of missing or doubtfull gage-height
record, and periods of ice effect. A hydrographic comparison between
stations on the same streams or nearby streams shall be made by the Con-
tractor to explain irregularities or to aid in detecting possible errors in
the record which might be eliminated by re-examination of the base data.

e. Computation of daily discharge for periods of ice effect.
At many gaging stations, the stage discharge relation is affected by ice
during the winter, and it becomes impossible to compute the discharge in
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the usual manner. Several different methods can be used to estimate the
discharge during ice-affected periods, depending on information that is
available for a given station.

(1) 1If the gage-height record is complete, if regular
discharge measurements are made, and if the stream has a practically com-
plete ice cover at the beginning of the winter period that remains intact
until the spring breakup, the Contractor shall use the following method:

(a) Plot temperature and precipitation record
where needed from a nearby Weather Bureau station.

(b) Plot discharge measurements on hyrograph.

(c) Copy field notes on the hydrograph concerning
ice conditions; write vertically on the day the note applies.

(d) With this information plotted on the hydro-
graph, the Contractor has a complete picture for the winter period of the
available data. From this point on, the Contractor shall apply sound
technical judgment in interpreting the record.

(e) The hydrograph from a nearby stream which
remains open and free from ice effect most of the time--possibly because of
warm springs, pollution, or because the control is covered and heated--
should be used as a guide in estimating winter discharges.

(2) If there is intermittent or infrequent ice effect,
the Contractor shall carefully examine the recorder chart and make appro-
priate adjustments for ice effect, giving consideration to the open-water
part of the day.

(3) 1If there is no gage-height record available and no
discharge measurements made, the Contractor shall estimate the discharge

based on a hydrographic comparison with a nearby, preferably open-water,
station and the temperature graph.

(4) All estimated discharges shall be shown on the
hydrograph as a broken line.

f. Computation of discharge during periods of backwater.
At many gaging stations, the stage discharge relation can be affected by
backwater caused by ice, debris on the control, growth of moss or grass on
the control or in the chanmel, etc. The Contractor shall review field
notes and weather records, make a hydrographic comparison with nearby
stations, and adjust the daily discharge record as necessary.

g. Estimation of discharge during periods of no gage-height
record. The Contractor shall apply sound technical judgment in interpret-
ing available data and estimating discharge during periods of no gage-height
record. The Contractor shall compile all available data such as fragmen-
tary gage-height records, weather records, inspection notes, discharge
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measurements, range line from graphic recorder, etc. The Contractor shall
estimate the discharge based on the kinds of information mentioned above
and a hydrographic comparison with a nearby station or stations.

h. Updated daily discharges. The Contractor shall submit

all updated daily discharges to the USGS in accordance with WATSTORE User's
Guide, Volume S.

i. Tabulation of peak discharges. After discharge records
are complete, the Contractor shall tabulate peak discharges above a selected
base in accordance with the manual Preparation of Water-Resources Data
Reports, pp. 38-40.

The Contractor shall return the revised and corrected computation sheets
and Daily Values update forms, complete for the entire water year, to the

USGS for finalized printout of daily discharge tables within 120 days after
the end of the water year.

15. Preparation of station analvsis. The Contractor shall
prepare a station analysis for each station for each water year. This
analysis covers data collected, procedures used in computing the data, and
the logic upon which the computations were based. This provides a basis
for review and serves as a reference in the event questions arise about the
records at some future date. The analysis also includes a record of any
changes in records collected, equipment, location, or other physical fea-
tures. The document should be written clearly and concisely and should
contain sufficient information so that those who are totally unfamiliar
with the station will be able to follow the reasoning used in computing the
records. The analysis should consist of:

a. Introductory paragraphs that describe the equipment and
hydrologic conditions of the drainage basin above the station. (Any man-
made changes in the drainage basin during the year shall be noted.)

b. The following sections outlining the quality of the base
data collected and the methods used to convert those data into the final
discharge figures:

(1) gage-height record
(2) datum corrections
(3) rating and shifts
(4) discharge

(5) special computations
(6) remarks

(7) recommendations

See attachment 7 for more detailed instructions.
Upon completion of the station analysis, the Contractor assembles all the

deliverable items and data and information from each station report and

sends it to the USGS district office for processing and storage into a
computer system.
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B. REQUIREMENT FOR DISCHARGE MEASUREMENTS AT DIFFERENT STAGES

Current meter measurements must be taken at significantly different stages
to define adequately the relation between gage height and discharge. The
Contractor shall make every reasonable effort to take current meter measure-

ments, in addition to the regular monthly measurements during periods of
high flows.

As shown in the individual station Data Collection Calendars of Attachment 2,
more than one discharge measurement per month is shown for the spring

season on many of the calendars. The Contractor shall acquire current

meter measurements of high flows during flood season in excess of the

normal monthly measurement as shown. For the several months shown where
extra flood measurements are desired, the excess (over the normal one per
month) flood measurements may all be made during one runoff event or a

series of events without regard to the exact distribution shown in the
calendar.

In planning the attempts at taking high-flow measurements, the Contractor
shall consider under what conditions high flow is most likely to occur.
The Contractor shall keep well informed on rainfall or snowmelt in the
watershed above the gage site or in adjacent watersheds.

C. OPERATION AND MAINTENANCE OF CREST-STAGE GAGES

A crest-stage gage is used to determine the elevation of a peak stage
occurring at specific location on a stream. These crest-stage gages are
installed as auxiliary gages at a regular gaging station or possibly as the
primary gage at a partial record station. The Contractor shall service and
maintain the crest-stage gages as part of the gaging station data collec-
tion and operation, Attachment 3. For crest-stage partial record statioms,
discharge measurements and water-quality samples shall be obtained in
accordance with Addendum 1 to Attachment 2. As soon as possible, establish
the gage height for when flow breaks over the roadway.

The accuracy of peak data collected at a crest-stage station depends in
part on the stability of a stage-discharge relation developed at the site.
Rigid datum controls must be maintained by the Contractor at the gage site
throughout the period of record. Physical changes of the site resulting
from flood flows or man-made alterations must be evaluated.

The quality of peak data collected at a crest-stage station will depend
primarily on the attention given to the site by the Contractor during the
year. Accordingly, the Contractor shall provide the following service and
maintenance at the crest-stage gage sites:

1. If the stage at time of inspection is below the datum pin,
the procedure shall be as follows:
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a. Remove the cap at the top of the gage pipe.

b. Remove the staff and if cork particles indicate a peak
has occurred, mark the cork line with a pencil line, then remove all cork
particles. If a cork line is found at the same elevation as the vent hole,

the gage may have been topped. Always verify such a mark by outside high-
water marks.

c¢. Enter the date of the inspection on the penciled line
and measure the distance from the line to the bottom of the staff (to the
nearest 1/100 foot).

d. Remove the lower cap and flush out any silt that might
have collected, make sure all intake and vent holes are unobstructed.

e. Place 1 tablespoon of granulated cork in the bottom cap, and
secure the cap with a pipe wrench. Caps that are easily removed are often
taken by children of all ages. Make sure the intake system is positioned
so that the five closely-spaced holes face upstream.

f. Replace the top cap (with a wrench), and make sure all
bracket bolts and lag screws are tight.

g. Determine the present water surface at the gages (to the
nearest 1/100 foot), if over-the-road flow exists.

h. Remove debris that might have collected on the gage.

i. Carefully describe and measure any debris that might
have collected. Try to estiamte the location of the debris at the time of
the peak flow (floating, lodged in the entrance, etc.). Draw a diagram of
the obstruction. Remove the debris, and record any resultant change in the
present water-surface elevation at the gage.

j. Document the outside high-water marks and any changes in
channel properties. If a peak stage has not occurred since the previous
visit, the cork supply in the gage may be adequate. Never assume the gage
is fully charged because ants or wind will sometimes remove the cork.

2. 1If the present water-surface elevation is higher than the

datum pin, and the stage is falling, the above procedure should be modified
as follows.

a. Perform steps a to ¢ (above) as described.

b. Carefully pour a teaspoon of cork (half of the amount
used when servicing the gage from the bottom cap) into the gage pipe. Wipe
the staff completely dry and lower it very slowly into the pipe. If the
staff is lowered too fast, an erroneous present water-surface reading will
result due to the rapid displacement of water within the gage pipe. Make

it a practice to determine the present water-surface elevation by measuring
outside the pipe.

A-48



c. Perform steps g to j (above) as described.

3. If the present water surface is high and rising, use the
following procedure:

a. Remove the top cap.

b. Do not remove the staff from the gage. The removal of
the staff may cause an erroneous mark if the stream is near its peak stage.

c. Determine the present water surface by measuring the
distance between the top of the gage pipe and the water surface or the
datum pin, if possible.

d. Indicate the rising trend of the stream on the note
speets along with the time of day.

e. Replace the top cap and try to identify the control for
the present flow.

4. The USGS Technical Officer should be notified immediately if
the recorded peak stage is such as to warrant an indirect determination of
peak flow. Pre-flood plans should be made as to type of indirect to be
made and best location for indirect.

Article III. DELIVERABLE ITEMS:
A, In the analysis and computational procedure the USGS shall be
responsible only for the tape translation and computerized computation of

the primary and finalized stage and discharge records.

B. The Contractor shall furnish the following as part of the associ-
ated record for each site:

1. For primary (or preliminary) record computation (digital
recorders) the following items shall be furnished to the USGS within 30 days
after removal from gaging stationms:

a. Digital tape with tape leader and analog record for
specified period.

b. Copies of discharge measurement notes (SF 9-275).

c. Coded forms showing stage and datum corrections and
adjustments for furnished digital tapes.

d. Rating tables covering period of intended record compu-
tation.

e. Preliminary station analyses for the period furmished.
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2. For finalized printout of daily discharge to be completed
after USGS has returned computation sheets and computer-produced hydrographs
of daily mean discharge for' each site to Contractor for editorial correction
and discharge correction or revision, the Contractor shall provide the
revised and corrected computation sheet and update forms.

3. For permanent documentation for each data collection station

to be a part of the permanent file of the USGS District Office, the follow-

ing material shall be furnished to the USGS within 120 days after the end of
the water year:

a. Original discharge measurement notes (SF 9-275). These

original notes may be provided when data for primary record computation are
furnished.

b. Discharge measurement listing (SF 9-207).
c. Inspection sheets for digital recorders (SF 9-176).
d. Level notes regarding datum control (SF 9-276).
e. Level summaries.
f. Station rating curves (SF 9-279).
g. Station rating tables (SF 9-210 and expanded SF 9-210a).
h. Revised manuscript station description.
i. Station analysis.
j. Discharge hydrograph (SF 9-274).
k. Computed daily gage-height and discharge:
(1) Analog recorder record.

(2) Digital record and tapes (preliminary and finalized
computer printout).

(3) Correction and update form for daily values.

m. Extremes summary sheet including a tabulation of peaks
above base.

n. Copies of all indirect determinations of discharge, if
any, and associated forms, photographs, surveys, and computations.

P- Revised station description when any change has been
made during the preceding year.
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q. Data for each crest-stage site which includes: Station
number, station name, station location, drainage area, period of record,
date, gage height, and discharge of annual maximum.
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Part III

SPECIFICATIONS FOR THE COLLECTION AND
PROCESSING OF WATER QUALITY DATA

Article I. SCOPE
A. INTRODUCTION

This section of the specifications covers and defines the work to be done in
the collection, processing, and field analysis of water-quality samples.

The Contractor shall be responsible for furnishing all plant, labor, mater-
ials, and equipment in the performance of the water-quality data collection,
except for the equipment listed in Part VI which the Government will furnish.

B. PRINCIPAL FEATURES

1. Work to be performed. Theé work to be done under this section by the
Contractor includes the following:

a. Chemical Analysis
(1) Collection, preparation, filtering, preservation, and ship-
ment of surface-water samples to Geological Survey Central Laboratory for
analysis.

(2) Field measurements of selected chemical, physical, and biolo-
gical water-quaity parameters.

(3) Operation and maintenance of water-quality monitors which
record continuous pH, specific conductance, dissolved oxygen, and tempera-
ture data.

(4) Correlating field measurements of pH, specific conductance,
dissolved oxygen, and temperature with corresponding monitor readings; and
computation of shifts necessary to process the data.

(5) Checking and tabulation of corrected water-quality analyses.

b. Sediment Analysis

(1) Operation and maintenance of automatic sediment samplers, and

(2) Field collection and shipping of sediment samples.

2. The above general description of work to be performed does not in any
way limit the responsibility of the Contractor to perform all work and

furnish all plant, labor, materials, and equipment required by the contract,
the specifications, and the attachments.
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C. LOCATION OF SAMPLING SITES

The locations of the sites in Oklahoma where work is required under this
contract are shown in Attachment 1.

D. FREQUENCY OF SAMPLING AND DATA COLLECTION REQUIREMENTS

The types and frequencies of samples to be collected and type of measure-
ments to be made by the Contractor are shown in Attachment 2 for each site.

E. DELIVERY OF SAMPLES

The Contractor shall be responsible for mailing costs (first class required)
in sending the water samples for chemical analysis to the Central Laboratory
System and the sediment samples to the District Office located in Oklahoma
City. If the Contractor fails to mail samples as called for in this specifi-
cation, the Contractor shall be subject to termination for default of reduc-
tion of the contract price to reflect the reduced value of the service
performed.

Article II. STATEMENT OF WORK
A. GENERAL

The Contractor shall preplan each visit and make all necessary preparations.
He must be thoroughly familiar with the site-specific information needed,
the equipment to be used, any maintenance, calibration, and repair proce-
dures that may be required, and all the methods outlined in these specifi-
cations for field measurements, sample collection, sample preservation, and
sample processing. The Contractor shall take all equipment, maps, forms,
and the like that will be needed at each site.

B. OPERATIONAL PROCEDURES OF THE CONTRACTOR

1. Initial Procedures. Upon arrival at the site, the Contractor shall
make a visual observation of the surrounding area and of the site itself to
detect any problems, which may influence his work. Such factors as weather
conditions, streamflow, color of the water, condition of the site, and any
other relevant observations shall be noted before proceeding.

The field notes shall indicate any special precautions to be taken. The
Contractor shall remember that the colleciton and recording of data is a
continuous process that follows step by step as indicated in the instruc-
tions below. To insure a satisfactory permanent record of water quality at
each site, he shall use every precaution to assure adequate'recording and
documentation.

With completion of these initial procedures, the Contractor shall inspect,
calibrate, and tlean the instruments, recorders, and any other equipment
that will be needed for each part of the sampling procedure and maintain a
log of the calibrations for each instrument. Every piece of equipment must
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be in good condition (flasks, tubing, etc.) to insure successful and accurate
sampling and measurements. Note any problems that arise with the equipment.
For specific information on equipment maintenance, calibratiom, and repairs,
see the service manuals furnished and the Techniques of Water-Resources
Investigations manuals (TWRI) furnished by the USGS. Use TWRI Book 5,

Chapter Al, Methods for Collection and Analysis of Water Samples for Dis-
solved Minerals and Gasses 1979 edition; TWRI Book 3, Chapter C2, Field

Methods for Measurement of Fluvial Sediment; and TWRI Book 1, Chapter D1,

Water Temperature-Influential Factors, Field Measurement, and Data Presentation.

Appendix I and LI provides a quick reference for field measurements and col-
lection of water quality.

2. Where Field Determinations are called for in the Data Collection Require-
ments and Calendar, Attachment 2, the Contractor shall:

a. Make field measurements of the following paramaters and enter
results on coded form provided by the Survey.

(1) Alkalinity/Acidity

(a) pH above 4.5: The Contractor shall perform field measure-
ments for Alkalinity in strict accordance with the procedure set forth in
Appendix I, "Field Measurement of Water Quality," Section 3.1.

(b). pH below 4.5: The Contractor shall perform field measure-
ments for Acidity in strict accordance with the procedure set forth in TWRI
Book 5, Chapter Al, p. 414-16, method I-1021-78.

(2) Dissolved Oxygen: The Contractor shall perform field measure-
ment for Dissolved Oxygen in strict accordance with the procedure set forth
in Quality of Water Branch Technical Memorandum 79.10.

(3) pH: The Contractor shall perform field measurement for pH in
strict accordance with the procedures set forth in Appendix I, Sections 3.4

and 3.5. The Contractor shall use the glass electrode method for measuring
pH.

(4) Specific Conductance: The Contractor shall perform field
measurement for Specific Conductance in strict accordance with the pro-
cedures set forth in Appendix I, Sections 3.2 and 3.3.

(5) Temperature of Water: The Contractor shall perform field
measurement for temperature in strict accordance with the procedures set
forth in Appendix I, Section 3.7.

(6) Temperature of air.
(7) Discharge: The Contractor shall include the results of the

current discharge measurements. In the event no measurement is available, a
preliminary discharge figure should be entered based upon latest information.
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3. Where chemical samples are called for im the Data Collection Require-
ments and Calendar, Attachment 2, the Comtractor shall collect, prepare, and
handle the water samples in accordance with the procedures set forth in
Appendix II and appropriate TWRI's. The Contractor shall divide the volume
of water collected into subsamples as necessary using techniques given in
Attachment 5.

The volumes of the required subsamples, the types of container to be used
for each, the type treatment and/or preservation, and sample designation are
given in Attachment 5B. :

Where the following amalyses are called for in the Data Collection Require-
ments and Calendar, Attachment 2, the Comntractor shall perform the follow-
ing:

a. Collect sufficient volumes of water for the corresponding labora-
tory schedules using appropriate type of bottle and type of treatment as
required in Attachment 5.

b. Label, package, and ship, by the most expedient methods available
(priority mail preferred), the sample on the day of collection to:

U.S. Geoloigcal Survey, WRD
Central Laboratory

5293 Ward Road

Arvada, Colorado 80002

Type of Chemical Sample Analysis Laboratory Schedule
(1) Major Constituents 425
{(2) Nutrients 426
(3) Minor Comstituents - dissolved 1076
(4) Minor Constituents - total 1176
(5) Emission Spectrograph - dissolved 1090
(6) Bottom Material 1292
(7) Phenols LC0052
(8) Cyanide LC0023
(9) Barium, Lithium, Strontium 427

4. Where a sediment-suspended concentration sample is called for im Attach-
ment 2, the Contractor shall perform the following:

a. Collect sufficient volumes of water using methods and volumes pre-
sented in TWRI Book 3, Chapter C2.

b. Cap, label, and store samples in a secure location away from freez-
ing or excessive heat and light conditions.
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c. Ship collected samples monthly to the U.S. Geological Survey office
designated as the area technical coordination office.

5. Where sediment-suspended size and/or bed-size data are called for in
Attachment 2, the Contractor shall perform the following:

a. Collect sufficient volumes of water and bed material using methods
and volumes presented in TWRI Book 3, Chapter C2.

b. Cap, label, and store samples in a secure location away from freez-
ing or excessive heat and light conditionms.

c. Ship collected samples monthly to the U.S. Geological Survey office
designated as the area technical coordination office.

6. Where coal-separation analysis is called for in Attachment 2, the Con-
tractor shall perform the following:

a. Collec sufficient volumes of bed material for anmalysis of para-
meters listed as Lab Code LC1038 in Attachment 5.

b. The samples shall be wet sieved in the field to pass a 2.00 mm
sieve but not to pass a 0.06 mm sieve.

c. The volume, type of container to be used, and type of treatment
code required are given in Attachment 5.

d. Label, package, and ship by most expedient methods available (pri-
ority mailing preferred) the samples on the day of collection to:

U.S. Geological Survey, WRD

Central Laboratory

6481 Peachtree-Industrial Blvd., Suite H
Atlanta, Georgia 30340

7. Where a Biological-Phytoplankton sample is called for in Attachment 2,
the Contractor shall perform the following:

a. Collect sufficient volumes of water for laboratory schedule 1076
listed in Attachment 5. The sample container and preservative will be
supplied by the Survey laboratory.

b. Process the sample as listed in instructions accompanying the
sample container.

c¢. The volumes or types of sample, type of bottles to be used, and
type of sample treatment required are in Attachment S5.

d. Label, package, and ship samples on the same day of collection and
by the most expedient methods available to:
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U.S. Geological Survey, WRD

Biolab

6481 Peachtree-Indistrial Blve., Suite H
Doraville, Georgia 30340

8. Where a Biological-Periphyton sample is called for in Attachment 2, the
Contractor shall perform the following:

a. Place clear plastic strips and designated periphyton strips in the
stream monitored according to instructions listed in TWRI Book 5, Chapter A4.

b. After 4 to 6 weeks, recover periphyton strips, and process per
instructions supplied with periphyton strips and container and listed under
laboratory schedule 1708 in Attachment 5. Put strips in empty 10-oz. wide-
mouthed glass bottle and chill. No water should be placed in the bottles.

c. Label, package, and ship the samples on the same day of collection
and by the most expedient methods available to:

U.S. Geological Survey, WRD

Biolab

6481 Peachtree-Industrial Blvd., Suite H
Doraville, Georgia 30340

9. Where a Radiochemical sample is called for in Attachment 2, the Con-
tractor shall perform the following:

a. Collect sufficient volume of water for the analysis of parameters
listed in Attachment 5 as schedule 1405.

b. The volume of sample, type of bottle to be used, and type of treat-
ment are given in Attachment 5.

c. Label, package, and ship, by most expedient methods available
(priority mailing preferred), the samples on the same day of collection to:

U.S. Geological Survey, WRD
Radiochemical Laboratory
5293 Ward Road
Arvada, Colorado 80002
10. Operation and maintenance of the water-quality monitor
a. Initial data collected
(1) Station name, in full

(2) Date; month (name, not number), day, and year

(3) Time; watch time using 24-hour time system
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(4) Punch time on digital recorder

(5) Initial readings, and their respective converted readings
from the monitor (D.0., pH, Specific Conductance, Water Temp.)

(6) Field meter readings for each of the parameters
(7) Initials of Contractor(s)
(8) Additional remarks related to station conditions
b. Servicing the QW monitor and recorder: After the initial visual
checks, the Contractor proceeds to the station structure to service the

water-quality monitor recorder using the following steps as a guide:

(1) Determine if the timer is running and draw a line across the

tape for a guide. If tape is not removed, record time and data at the line
on the tape.

(2) Switch QW monitor to manual operation.

(3) Standardize field instruments according to instructioms in
individual manufacturer's instrument manuals.

(4) Record monitor readings and measured field readings to detect
differences.

(5) Examine and clean pump intakes, probe reservoirs and probes.

(6) Check reading of each monitor probe in a standard test solu-
tion and record on field sheet.

(7) Record monitor readings of stream with field readings.

(8) Make necessary adjustments of monitor if readings do not
agree. Record readings after adjustment.

(9) Switch QW monitor back to automatic operation after recorder
has been serviced.

(10) Upon completion of monitor servicing and inspection, the
Contractor repeats step (1).

c. Servicing the recorder

(1) At intervals not to exceed two months, the used section of
digital tape bearing the QW monitor record should be removed and

(a) Cut the tape leaving at least one full day in additioen
to the day of the visit on the end of the tape.
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(b) Examine the tape to detect any recorder malfunction or
clock stoppage since the last imspection, and record the station name, date,
time, and initials of Contractor(s) on the tape.

(c) Check the amount of tape left on the supply roll and
make certain that there is more than enough to last the interval between
visits.

(d) Check battery voltage or anperage and record. Replace
battery if no load voltage is less than 7.0 volts.

(e) Rethread the digital tape into the take-up spool, read

all parameters on the monitor again, and record all data and observations on
the field sheet.

(f) Record, on the unused portion of the new digital tape
above the punch block, station name, station number, date, time, and initials
of Contractor(s).

(g) Complete tape leader for record removed, and begin a new
tape leader for the current record.

(h) Advance digital tape and timer to proper times, and make
a mark along top of digital punch block across tape.

d. The Contractor shall keep in mind several additional points when
servicing the station.

(1) Periodic cleaning and oiling of the recorder can reduce
malfunction of recorder.

(2) 1Intakes and sediment traps shall be cleaned thoroughly.
(3) Humidity and temperature control reduce errors associated
with paper expansion and contraction. Excessive humidity and temperatures

in the gage house shall be kept to a minimum by proper ventilation.

e. The Contractor shall not leave the station without assuring himself
that:

(1) The recorded monitor readings and time agree with the field
readings and his watch time;

(2) That the clock is running;
(3) That all necessary valves are open;
(4) That the digital recorder is punching; and

(5) That all doors have been locked.
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11. Transmittal of Digital Recorder Records - QW Momitor. To facilitate
the analysis and processing of QW monitor data recorded by digital recorders,
the Contrator shall function similar to a USGS field office wherein digital-
records materials shall be provided to the USGS office to be tramslated and
submitted for computer processing of QW monitor records. Processing of the
digital tape involves converting each field recorded value to a corres-
ponding output parameter obtaining daily means and extremes for print and
storing selected items in the Daily Value File on magnetic disk.

The basic data are dial readings punched at uniform time intervals by digital
recorders on l6-channel tapes at the field installations. Specific conduc-
tance, D.0., pH, and water temperature data are punched on a single digital
recorder. These water-quality data are punched in a predetermined sequence
on a l6-channel paper tape at preselected time intervals. The Contractor
shall process the digital tape as follows:

a. The 16-channel tapes shall be listed on transmittal letter SF 9-1609
for transmittal to the USGS. List the stations in downstream and chrono-
logical order and show the period.

b. Indicate the conversion table to be used for each period and each
parameter, and also indicate, with an asterisk, whether the conversion table
is in the ADP unit files or is being submitted on Forms 9-1837A.

c. Submit shift corrections and datum corrections on SF 9-1536.
d. Submit information for the Dailﬁ Values code card on SF 9-1752A.

e. Submit information on the Station Header File on SF 9-1843A and
SF 9-1872A. Organize the coding forms for processing digital recorder data
in the order required for tat particular job to insure that they will be

punched and sorted in the proper sequence for entry into the computer pro-
gram.

£f. Submit the supplemental data with the 16-channel tapes, i.e. in
the same box, so that the USGS receives both items at the same time.

8- Put the Contractor's name on each form to be submitted. This will
help insure that the computations are returned to the correct Contractor
when the transmittal memo and supplemental data sheets are separated.

h. The Contractor shall follow instructions in WATSTORE User's Guide
Vol. 5, Chapter IX, Sections A, B, and G, when preparing 16-channel tapes
for transmitting to USGS.

i. These data are transferred to magnetic tape records as described
in the WATSTORE User's Guide. The addition of identification information is
made at this time and includes site identification, elevation of the land-

surface reference point or reference datum, and the data corrections to the
observed readings.
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12. Automatic Sediment Collection: An automatic sediment sampler (PS-69)
shall be installed in some station structures as indicated in Attachment 8.
The PS-69's will be set to automatically collect samples daily and during
rises. Daily samples will be collected on a timed sequence whereas samples
for rises will be based on gage-height sampling. As experience is gained at
each site the requirements for gage-height-change sampling may be adjusted.
The technical officer will notify the Contractor when such adjustments are
necessary.

After the initial visual checks, the Contractor shall proceed to the station
structure to service the automatic sediment sampler (PS-69) using the follow-
ing steps as a guide:
a. Initial data collected

(1) Station name in full

(2) Date; month (name, not number), day, year

(3) Time; watch time using 24-hour time system

(4) Pen time on analog recorder chart

(5) Number of event marks on analog chart

(6) Number of bottles pumped by PS-69

(7) Notes explaining the difference (if any) between items 5
and 6

(8) Time last sample was collected by PS-69 prior to ETR (equal
transit rate) method sample

(9) Starting and ending time ETR was collected

(10) Time of first automatically collected sample by PS-69 after
ETR method sample

b. Servicing the PS-69

(1) Check power supply for proper operation and record on service
log.

(2) Check the analog record for daily sample collection to see if
timing cycle is operating correctly. Time between collections should equal
the time set on the timer. During periods of no flow, check the TC-76 timer
by pressing red button; this should start the PS-69. If the timer is not
working, replace it. Note whether or not the micro switch is in or out of
the notch on the cam. If the switch is already out of the notch, proceed to
step (3). If the switch is in the notch, slightly loosen the knurled nut in
the center of the cam. Rotate the plastic cam counter clockwise until the
switch is fully out of the notch. This will allow a condenser in the control
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unit to discharge itself (after 1 minute) which is necessary before the

sampler can be restarted. (Replace 1% volt, D cell alkaline battery at
1 month intervals.)

(3) Service analog recorder: Carefully remove strip chart and
count the number of event marks on the tape and record. This number should
equal the number of bottles pumped by the PS-69. If there are more bottles
than there are event marks, check the chart marks to see if it is possible
the sampler could have been activated both by the timer and the delta-stage
switch during a single 15-minute lapse of the digital recorder. If this is
not possible, proceed as suggested by item 7 of the trouble-shooting proce-
dures beginning on page 18 of the PS-69 Operations Manual. If there are
less bottles than there are event marks, follow the suggestions outlined by
item 8 of the trouble-shooting procedure.

(4) Remove bottles which contain famples. On each bottle write
station name, the date sample was removed, and appropriate sample number.
Replace them with clean bottles.

(5) Reset the swing arm in its starting position. As noted in
the Operations Manual, "Some backlash exists in the gears which drive the
swing arm. To eliminate the lash, start tightening the wing nut when the
arm is about 2" from the starting position. Be sure the wing nut is tight!"

(6) Check to be certain that the low-flow cut-off switch, coupled
to the manometer, will disconnect the pump before the water surface in the
stream receeds below the sampler intake.

(7) Observe the sampler intake to be certain it is in the water
and free of debris.

(8) Replace bottles 1 through 4 which are to be used each visit
simply for checking.

(9) Check out sampler

(a) Manually cause the delta-stage switch to close. Note
the stage at which the sampler is started. The sampler should start immedi-
ately. If the switch is found closed, it must be opened for at least
2 minutes. This is necessary to permit a condenser in the control box to
discharge before the sampler can be restarted. After waiting at least two
minutes, close the switch to start the sampler.

(b) If the TC-76 timer is not used, recycle and time (see
(c)) the sampler by activating the time switch. Mark the cam where the
micro switch is resting, then slightly loosen the holding nut at the center
of the cam. Rotate the loose cam counter clockwise until the micro switch
is activated. Return the time cam back to its original position.

(c) While the sampler is running, time and record both the

backflush and the refill portions of the operating cycle. Excessive pumping
time in either direction indicates debris, air leaks, or pump wear. These
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problems should be isolated and corrected. The most likely spots for air-
leaks are around the hose clamps on the stream side of the pumps. These
clamps should be tightened occasionally.

(d) Be certain to push drawer back to sampling position and
check nozzles for correct positions over bottles. Inspect, and if neces-
sary, clean the contacts of the power relays in the control box. Use a
contact file or burnisher availabie from most electrical stores. Abrasive
cloths or papers that contain conductive matallic oxides should not be used.

(e) Recycle the sampler again and check the lower float and
the bottom of the flush tank for debris.

(f) Examine the bottles filled during the checkout procedure
to see that they are greater than 1/2 full but not overflowing.

(g) Examine the event marker to be sure a mark was recorded
for each sample pumped. Make necessary notes on the recorder chart to
identify the test runs. Enter pertinent data in the sampler log book.

(h) When trouble is encountered, follow the "Flow Diagram
trouble shooting guide" (see Attachment 9); if the trouble is not discovered
by use of this guide, refer to the trouble-shooting procedure beginning on
page 17 of the Operations Manual.

(10) After the PS-69 has operated correctly, remove the four
bottles used for the check and replace with clean bottles.

Reset the swing arm to the start position

(11) Cycle the sampler to take a sample which will correspond to
the manual sample set at the control. This can be done by shorting ter-
minal C-1 to C-4 using a short piece of electrical wire. Label this bottle
(should be number 1) with station name, date, time it was taken, taken by
PS-69, temperature, bottle number, and initials of fieldman. Cap this
bottle and replace it in the sample drawer. Be certain to push drawer back
to sampling position and check nozzles for correct positions over bottles.

(12) Collect reference sample set, see IIB.13.a.

(13) As soon as possible cycle the sampler to take a sample which
will correspond to the manual sample set at the control. This can be done
by shorting terminal C-1 to C-4 using a short piece of electrical wire.
Label this bottle (should be number 2) with station name, date, time it was
taken by PS-69, temperature, bottle number, and initials of fieldman. Cap
this bottle and replace it in the sampler drawer. Be certain to push drawer
back to sampling position and check nozzles for correct positions over
bottles.

(14) Refill (using distilled water) the samples removed from the
PS-69 sampler, so that the volumes compare with the No. 1 sample which was
taken on the last visit and the sample just taken.
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(15) Cap all automatically and manually collected samples. Check
to make sure they do not leak, and deliver to the appropriate USGS office or
laboratory. Put in cases to deliver to appropriate USGS office or labora-
tory.

(16) Deliver samples with all appropriate field data sheets,
analog record, etc. to the Oklahoma District Laboratory, Room B27, 201, N.W.
3rd Street, Oklahoma City, Oklahoma 73101.

13. Manual Sediment Sampling

a. Where sediment-concentration suspended samples are scheduled as
Attachment 2, collect a reference sample set. This sample set is to be a
multivertical sediment-concentration suspended sample using the ETR methods
presented in TWRI Book 3, Chapter C2. Cap, label, and store samples in a
secure location away from freezing or excessive heat and light conditionms.

A PS-69 sample (or single vertical sample if no PS-69 is installed) shall be
collected prior to and after the reference sample is collected. A correla-
tion shall be established between the daily automatically collected or
single vertical samples and manually collected reference samples.

b. Where sediment-size distribution suspended and bed material data
are called for in Attachment 2, the Contractor shall use methods presented
in TWRI Book 3, Chapter C2. Cap, label, and ship sample to the U.S.
Geological Survey Office designated by the Technical Officer.

Article III  DELIVERABLE ITEMS

A. The USGS shall:

1. Within 20 days after receiving digital tape from Contractor, tramsmit
tape to generate primary printout of each parameter;

2. Return primary printout to Contractor;

3. Update daily value file using coded data provided by Contractor;
4, Provide finalized tables for review to Contractor;

S. Make any update;

6. Furnish the Contractor the annual table of daily values for each para-
meter for final review;

7. Update daily values and publish;

8. Results of laboratory measurements will be given to the Contractor as
soon as practicable;

9. The Survey will retrieve annual tables of laboratory results as soon as
possible after the end of the water year; and
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10. Update annual tables of laboratory results and publish.

B. The Contractor shall:

1. Within 30 days after removal from the recorder, furnish the following
as part of the associated record for each monitor site for primary (or
preliminary) record computation:

a. Digital tape for specified period

b. Original water quality monitor field notes
c. Digital tape leader covering period for associated digital tape
d Coded forms showing shift corrections and adjustments for furnished

digital tape
e. Rating tables covering period of intended record computation

f. Statement detailing reasons for shifts, action taken, etc. for the
period furnished

2. Within 30 days after receiving primary printouts of daily values,
Contractor shall furnish:

a. Coded forms for updating the daily values
b. Corrected primary printouts

3. Within 30 days after receiving the daily values table for the water
year, review it for error and return corrected copy to USGS.

4. The Contractor shall deliver to the COR within 10 days of a field
visit, copies of the field notes including coded results of field measure-
ments and log inventory forms.

The Contractor shall be prepared to deliver any records concerning his
measurements and sampling to the Survey upon request. Requests will be
delivered within 15 days after receiving the submission results.

5. Upon receipt of the results of the sample analyses, the Contractor
shall review the laboratory results for errors and inconsistencies and
prepare coded file-update forms as needed within 30 days following receipt
of the laboratory results from the Survey.

6. Upon receipt of the annual tables, the Contractor shall review and

indicate needed corrections to the Survey within 30 days after their receipt
from the Survey.

7. The Contractor shall deliver sediment samples to Oklahoma District

Laboratory, Room B27, 215 N.W. 3rd Street, Oklahoma City, Oklahoma 73102, on
a weekly basis.
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8. The Contractor shall provide, along with the analog record containing
the event marks for automatic sediment samples, a list showing number and
type of samples collected. Type of samples shall be divided into automatic
or single vertical samples and ETR multivertical samples.

9. Upon completion of this contract, the Contractor shall deliver all

Government-~furnished equipment, remaining supplies, keys, maps, and forms,
plus all station record files, within 30 days of the contract termination.
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Part IV
SPECIFICATIONS FOR COLLECTION AND PROCESSING
OF GROUND-WATER LEVEL DATA

ARTICLE I. SCOPE:
A. INTRODUCTION

This section of the specifications covers and defines the work to be done

in the collection and processing of ground-water level data from a basic
network of observation wells. The Contractor shall be responsible for all
plant, labor, materials, and equipment in the performance of the ground-water
level data collection, except for the equipment listed in Part VI, and
standard forms to record data, which the Government shall furnish.

B. PRINCIPAL FEATURES

1. Work to be Performed. The work to be done under this section
by the Contractor includes the following:

a. Operation and maintenance of ground-water level record-
ing stations, including datum control.

b. Maintenance and collection of complete and accurate
continuous ground-water level data (water surface elevation) at each obser-
vation well site.

c. Making tape-down readings at each observation well site.

d. Providing corrections to be applied to the record for
computation of mean daily water levels.

e. Field observations of local conditions such as stage in
nearby surface-water bodies; weather conditions such as heavy rainfall or
high winds; construction or pumping of nearby wells; frozen ground; changes
in local land surface due to construction or mining-related activities;
sound of cascading water in the observation well; recent pumping of the
observation well; or conditions which could have had a significant effect
on the water level being measured.

2. Contractor's Responsibility. The above general outline of
the principal features does not in any way limit the responsibility of the
Contractor to perform all work and furnish all labor, materials, and equip-
ment required by the contract, the specifications, and the attachments.

C  LOCATION OF GROUND-WATER LEVEL STATIONS

1. Well Data. The wells from which ground-water level data are
to be obtained have been selected by the U.S. Geological Survey. Attachment 1
describes the general location of the wells to be measured. Each ground-
water station consists of a digital recorder housed in a steel shelter.
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2. Detailed Locations and Descriptions. The appropriate USGS
office shall provide the Contractor with sketch drawings that may be used
to locate each well. One shows culture and land features in the vicinity
of the well. Adequate details are provided to permit an observer unfamil-
iar with the area to locate the well relative to permanent landmarks or
reference points. Another sketch provides details on location of the
measuring point (MP) from which manual measurements have been made, and the
relationship between the MP and land surface datum (LSD) and possibly also
its relationships to other nearby permanent reference point(s) RP other
than land surface and needed details on access to wells.

D. FREQUENCY OF INSPECTION AND MEASUREMENT

The Contractor shall visit each observation well site and make a tape-down
water-level measurement at least once each month.

E. GAGE DATUM

The Government will run levels at each observation-well site and establish

the distance of the datum mark (tape-down point) above the concrete base at
ground level. The Contractor will be responsible to maintain the elevation
of the datum mark or make the proper adjustments if the tape-down point is

disturbed.

F. LIABILITY FOR DAMAGE TO WELLS

The Contractor shall immediately report any loss of tape, weights, or other
objects into an observation well to the COR. The Contractor shall maintain
the responsibility and be liable for any and all damages due to his negli-
gence.

G. QUALITY CONTROL

At random intervals, USGS representatives will visit selected recorder
stations to check that the recorders are being properly serviced and main-
tained and the proper procedures are being used to assure acceptably accur-
ate water-level measurements and to minimize periods of lost record.

Article II. STATEMENT OF WORK
A. OPERATION AND MAINTENANCE OF GROUND-WATER LEVEL STATION

1. General The Contractor shall provide for the operation and
routine field maintenance of a basic network of observation wells and the
collection, analysis, and processing accurate hydrologic data related to
ground-water levels in accordance with applicable and recommended proce-
dures now in use by the USGS and detailed in manuals or bulletins furnished
by the Geological Survey and detailed herein. During every visit to each
observation well, the Contractor shall follow the procedures for taking and
recording measurements and for proper and accurate accomplishment of all
procedures and responsiblilies. The Contractor shall insure that his
employees follow the procedures outlined below. Failure to do so shall
subject the Contractor to the default provision of this contract.
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2. Maintenance of Observation-Well Site. Upon arrival at the
observation-well site, the Contractor shall make a visual inspection of the
sité and the surrounding area to determine any changes or problems which
may prevent continuation of later steps, and perform maintenance of the
well site.

a. Minor maintenance. The Contractor shall perform minor
maintenance such as minor repairs necessary to keep the well site operational,
safe, and to maintain its appearance. Such minor repairs include, but are
not limited to, replacement of defective recorders and timers which cannot
be repaired in the field, replacement of defective floats, and repainting
and repairing the shelter as required. The Contractor shall furnish all
labor and materials necessary to perform the work, with the exception of
those items of equipment that duplicate, replace, or repair instrument or
appurtenant fixtures that were provided by the Government. Materials such
as these shall be provided to the Contractor by the COR. The Contractor
shall Keep the shelter clean and oil hinges, locks, and hasps. The Con-
tractor shall maintain a neat appearance at the site by clipping weeds and
grass around the shelter, removing debris, and generally keeping the area
clean. Minor maintenance shall be done at no additional expense to the
Government.

b. Major maintenance. Major maintenance is defined as
repair or services required to make the site opertional after a period when
the site was inoperative because of vandalism or damage to station due to
natural or man-made causes. Such major repairs include, but are not limited
to, extensive rebuilding of the shelter and complete replacement of instru-
mentation.

The Contractor shall within 3 days of discovery of a situation that might
require major maintenance, notify the COR and inform him of the amount and
costs of remedial work planned. The COR shall within 5 days after notifi-
cation, advise the Contractor whether or not to proceed with the work. All
work shall be completed as soon as possible after approval and in all cases
shall be completed within 30 days. Contractor shall furnish all labor and
materials necessary to perform the work, with the exception of those items
of equipment that duplicate, replace, or repair instrument or appurtenant
fixtures that were provided by the Government. Materials such as these
shall be provided to the Contractor through the COR.

All costs associated with major maintenance shall be handled outside of
this contract. The Contractor may or may not be requested to perform
certain major maintenance, but in no event shall the Contractor be obli-
gated to perform such maintenance under this contract, unless the need for
the major maintenance is due to negligence of the Contractor. If such
negligence does exist, then the Contractor shall be responsible for accom-
plishment of the major maintenance at no expense to the Government.

All work performed shall be subject to inspection. Government shall have
the right to require the Contractor to perform the work again if the main-
tenance work is defective or would reduce the major maintenance price to
reflect reduced value of services provided.
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c. Site Securitv. The Contractor shall close and lock all
gates or doors wherever appropriate with regard to protection of the site.

d. Maintenance and Replacement of Batteries. The Government

shall furnish 7% volt batteries to initiate operation of the equipment at
each gage site.

The Contractor will be responsible for insuring continuous operation of the
well sites and will be responsible for supplying and replacing the batter-

ies. The Contractor shall replace batteries on all recorders regularly at

6-month intervals. The Contractor shall replace all recorder batteries in

October and March or when the no-load voltage drops below 7.0 volts.

Unforeseen events can cause batteries to run down. Having replacement
batteries on hand is the responsibility of the Contractor. Missing record
because of failure to replace batteries is unacceptable performance on this

contract and may subject the Contractor to a reduction in contract price,
if warranted.

3. Initial Data Collected at Site. The collection of data from
the well-site recorders and instruments is a continuous process that fol-
lows each step taken in the succeeding ianstructioas; to insure a permanent
record of these data, the Contractor shall use every precaution to assure
adequate recording and documentation. The data and information collected
initially and throughout site servicing, shall include:

a. Station name, in full;
b. Date: month (name, not number), day, and vear;
¢. Time: watch time using 24-hour time system;

d. Pen time of analog recorder, punch time on digital
recorder;

e. Tape-down water-level readings;
f. Water level by float tape, if available;
g. Initials of Contractor(s);

h. Additional remarks related to station conditioams.
4. Servicing the Water-level Recorder. After the inital visual
checks and preparation of the record sheet, the Contractor shall service

the recorder. The recorder shall be serviced using the following proce-
dures as a guide:

a. Check to see if the clock and/or timer is running, and
mark the recorder chart
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(1) by marking the point where the pen or pencil is
resting on the strip-chart recorder (adjust timer if needed or replace if
timer has been malfunctioning), and

(2) by watching the instrument punch the digital tape
and drawing a line across the digital tape, using the top of the punch
block as the straight edge.

b. Compare tape-down water-level measurement with recorded
water-level data, and check to see if there is a malfunction of the equip-
ment such as

(1) defective float,
(2) float hung up in well, and

(3) if there are any inconsistencies between the
recorded and tape-down measurements, note them so that adjustments can be
made to the recorded water-level record.

c. Records shall be removed from each recorder at intervals
not to exceed 2 months. Change the record from each recorder as follows:

(1) Analog recorder

(a) At the time of initial inspection, the time
shall be indicated by a vertical mark of the pen or pencil. The float tape
or cable should be grasped between the float and the float wheel and lifted
a few hundredths and gradally released. The mark should not be made by
rocking the float wheel because it places undue strain on the float wheel
bearing.

(b) Advance the chart about 1 inch. Run a rever-
sal mark and adjust if necessary.

(c) Blot the ink at the end of the recording to
prevent smears.

(d) Identity the chart by printing the name of
the station, date, time, water-level readings, and initials of person.

(e) Cut and remove the chart, leaving at least
1 full day in additien. to the day of the visit on the end of the chart to
provide ample room for joining the pieces in the office.

(f) Wind clock or negator spring.

(g) Check the amount of paper left on the supply
roll, and make certain that there is more than enough to last the interval
between visits.
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(h) Rethread the chart into take-up rolls and run
reversals, read all gages again, and record all data and observations on
the chart.

(1) Reset pen to agree with the water level indi-
cated by the tape-down measurements, and advance chart to agree with watch
time and make a vertical mark. Be certain that pen is not in reversal.

(j) Check the ink supply of the pen and replenish
it if necessary.

(k) Unroll and examine the chart in an effort to
detect any recorder malfunction or clock stoppage since the last visit,
and, if found, note range line.

(2) Digital recorder. When arriving at a station,
look at the face of the timer to see if a punch would occur in about the
next 5 minutes, the time it would take to remove the punched record and
reset the tape. If so, it is better to wait until the punch has occurred
before starting the tape removal procedure. When ready to remove the
punched record, follow the steps listed below.

(a) Cut the tape leaving at least one full day in
addition to the day of the visit on the end of the tape.

(b) Examine the tape to detect any recorder mal-
function or clock stoppage since the last inspection, and record the station
name, date, time and initials of Contractor(s) on the tape.

(c) Check the amount of tape left on the supply
roll, and make certain that there is more than enough to last the interval
between visits.

(d) Check battery voltage or amperage and record.
Replace battery if no load voltage is less than 7.0 volts.

(e) Rethread the digital tape into the take-up
spool and record all data and observations on the field sheet.

(f) Record, on the unused portion of the new
digital tape above the punch block, the station name, station number, date,
time, and initals of Contractor(s).

(g) Complete tape leader for record removed, and
begin a new tape leader for the current record.

(h) Advance digital tape and timer to proper
times, and make a mark along top of digital punch block across tape.

5. Making the Tape-down Water-level Measurement. The Contractor
shall measure the water level by following the steps listed below:
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a. Coat the lower portion of the steel tape with blue chalk
or some other substance that exhibits a marked color change when wetted.

b. Feed the tape into well until the lower portion is below
water level.

c. Record the tape reading when held at the datum mark.

d. Withdraw the tape and record the tape reading at the
wetted line.

e. Subtract the wet-line reading from the datum-mark reading
to obtain the tape-down measurement.

Tape readings and subsequent subtraction should be placed on inspection
slip for subsequent checks.

6. Recording Field Visits. The Contractor shall maintain a
field-visit log and keep it in the shelter. The log shall consist of a
chronological listing of the visits, the tape-down measurements, and remarks.
Remarks should include any item that would effect the record. Examples of
information to be recorded are; (1) nearby creek is dry, (2) significant
changes in weather such as heavy rainfall or very high winds prior to or
during measurement, (3) construction of nearby wells or pumping nearby
wells, (4) pools of standing water or snow banks near observation wells,
(5) frozen ground, (6) significant changes in kinds of crops nearby,

(7) nearby changes in land surface due to construction or mining-related
activities, (8) sound of cascading water in a non-pumping well, (9) recent
pumping of measured well, etc. For changes that may have a significant
effect on the measured water levels, such as development of an operating
well nearby or destruction of the well or the reference point or MP, the
Contractor shall notify the COR in writing within 10 days of such changes.

7. Completion of Observation Well Servicing. The Contractor
shall not leave the well site without assuring himself that:

a. The recorded water level agrees with the tape-down
measurement;

b. That the timer is running and punch set to agree with
watch time;

c. That the digital recorder is punching; and
d. All latches on instruments are fastened.

8. Transmittal of Digital Recorder Records. To facilitate the
analysis and processing of water-level data recorded by digital recorders,
the Contractor shall function similar to a USGS field office wherein digital-
records material shall be provided to the USGS office to be translated and
submitted for computer processing of water-level records. Processing of
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the digital tape involves converting each field recorded value (usually
represented by gage height) to a corresponding output parameter (usually
discharge), obtaining daily means and extremes for print, and storing
selected items in the Daily Value File on magnetic disk.

a. Digital recorder

(1) The basic data are dial readings punched at uniform
time intervals by digital recorders on 1l6-channel tapes at the field instal-
lations. The Contractor shall transmit the digital tapes in accordance
with WATSTORE User's Guide, Volume 5, Section 1-B, Data Translation/Trans-
mission and Preparation, and as follows:

(a) The 16-channel tapes should be listed on
transmittal letter SF 9-1609 for transmittal to the USGS.

(b) Submit shift corrections and datum correc-
tions on SF 9-1874A or SF 9-1536.

(c) Submit information for the Daily Values on
coding form for input, and update the Daily ValuesSF 9-1841 to SF 9-1844.

(d) Submit information on the Station Header File
on SF 9-1843A or SF 91872A. Organize the coding forms for processing
digital recorder data in the order required for that particular job to
insure that they will be punched and sorted in the proper sequence for
entry into the computer program.

(e) Submit the supplemental data with the 16-channel
tapes, i.e., in the same box, so that the USGS receives both items at the
same time,

(2) Before transmission to the USGS, the Contractor
shall examine the tapes to detect any inaccuracies in the record length,
any improperly spaced feed holes or torn tape, or any clock stoppages.
Special notes concerning these items shall be made on the tape leader,

SF 9-176D or SF 9-176E, "Inspection of Digital Recorder,” attached to the
beginning of the 16~channel tape about 6 inches ahead of the punched record.

(3) The Contractor shall attach a separate tape leader
to each complete and uninterrupted record. If the tape was advanced and
reset in the field, the tape should be cut at this point and a new leader
attached. The purposes for this are so that:

(a) The field office can precisely indicate on
the tape leader their translation requirements.

(b) The translation instruction block serves to

document for future reference the beginning and end of each period trans-
lated to magnetic tape for computing purposes.
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(4) The block labeled "Translation Instructions" of
SF 9-176D and SF 9-176E is for identifying complete uninterrupted periods
of record for translation.

(5) Before each piece of 16~channel tape is translated
by USGS personnel, the information in the translation instruction block is
written on magnetic tape ahead of the record from the 16-channel tape. It
is important that the information listed here be correct because the station
number will be used by the computer program for matching the 16-channel
tape record with proper conversion tables and supplemental data on punch
cards.

(6) The beginning and end times listed in the trans-
lation instruction block are used to further identify the punched data that
immediately follow. The beginning tape time and the ending tape time
listed in the translation instruction block must agree exactly with the
times on the 16-channel tapes. The computer program uses these itmes to
divide the record into calendar days and hours. A comparison of the tape
ending time and the watch ending time is used to compute time corrections.
The maximum time correction that can be made by the computer program is
1 hour per day.

(7) 1If the clock stopped at any time, then the end
dates and times listed by the person servicing the recorder in the field
may have to be modified for entry in the translation instruction block. 1In
that case, the translation instruction block should be completed in accord-
ance with the assumptions made below.

(a) 1If the clock stopped and did not start again,
the ending watch time should then be made to read the same as the ending
tape time in the translation instruction block on the tape leader.

(b) 1If the clock stopped and did restart, it may
be possible to make use of some of the later data if the times of stopping
and restarting can be determined. In this case, the translation instruc-
tions block should be completed for the period before the clock stopped. A
red pencil line should be drawn through the last punch of the first period
of record on the 16~channel tape to indicate the ending tape time for this
period. The first item beginning the next period of record should then be
marked with a red pencil (this could be the next punch or several punches
later depending on the nature of the clock stoppage). An expression for
time similar to

04-15% 2200 = 1530
(date) (actual) (on tape)

should be made on the tape to clearly mark the beginning of the next period.
The date should also be indicated on the tape. The ending date and time of
the tape should be labeled in a like manner to show the difference between
actual and tape time. A second translation instruction block should be
prepared using the actual time (not time as printed on the tape) for the
second complete and uninterrupted period on the 16-channel tape.
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(c) The procedure explained under paragraph b
above should also be used any time that a record exceeds the maximum number
of days that are permitted on a single tape so that it has to be broken up
into two or more short records.

(8) All references to time should be in terms of
beginning and ending times and must be on a 24-hour basis.

(9) Mark the first automatic punch to be processed
with red pencil through the middle of the row of holes. The black pencil
line made in the field by drawing across the top of the punch block when
the tape is in position to start recording automatically, will be through
or just ahead of the last test punch, so the first automatic punch will be
one punch beyond this one. For digital menitor multiple-item records, the
red line must be drawn through item number one of the first complete sequence
of punches after the test punches to insure that the data on the tape are
processed in proper sequence.

(10) Check to insure that the 16-channel tapes are
rolled so that the beginning day of the tape will come off first as it is
unwound. The inside diameter of the center of each strip of tape must also
be larger than 5/8 inch to permit direct insertion on the supply spool of
the tranlator or transmitter.

(11) A notation should also be made on the tape leader
if there are any "0000" values punched. If there are more than 8 or 10
zero values punched consecutively, then the tape should be set up as explained
in paragraph (7)(b) above. An effort should be made to avoid punching zero
valuies because the magnetic tape translators and data transmitters are
designed to stop automatically on each "0000" value (no holes punched)
without recording the zero value on the magnetic tape.

(12) Occasionally, the punch pins in the digital
recorder may stick or the paper may fail to advance which causes illegal
punch combinations on the 16-channel tape. When these tapes are processed,
the output from the primary computation may contain some alphabetic symbols
instead of numeric data. Recorders that indicate these malfunctions should
be replaced or repaired immediately. The photoelectric readers on the
magnetic tape translators or data transmitters are designed to stop on
illegal punch combinations, but occasionally one will pass this test.

(13) These data are transferred to magnetic tape
records as described in the WATSTORE User's Guide, Volume 5, Section 1-B,
Data Transmission. The addition of identification information is made at
this time and includes site identification, elevation of the land-surface
reference point, or reference datum, and the data corrections to the observed
readings.

(14) The Contractor shall furnish the analog record,
digital tapes with leaders completed, and coding forms to the USGS within
30 days after removal from the gaging station. These will become part of
the associated record for each site for preliminary processing.
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b. Within 20 days after the above material is received by
the USGS, the primary computation sheets for each well site shall be returned

to the Contractor for editorial correction and review for correctness and
completeness of record.

9. Computation of Water-level Records. The Contractor shall
review primary computation sheets produced by the USGS from digital recorder
tapes submitted in accordance with paragraph 8 above. Revisions, adjust-
ments, additions, and corrections shall be made by the Contractor as neces-
sary.

The Contractor shall provide the revised and corrected primary computation
sheets and Daily Values update forms to the USGS for finalized printout of
daily water-level tables within 120 days after the end of the water year.

Article III. DELIVERABLE ITEMS:

A. In the analysis and computational procedure, the USGS shall be
responsible only for the tape translation and computerized computation of
the primary and finalized water level.

B. The Contractor shall furnsih the following as part of the associ-
ated record for each site:

1. For primary (or preliminary) record computation (digital
recorders) the following items shall be furnished to the USGS within 30 days
after removal from well site:

a. Manual water-level measurement.
b. Digital tape with tape leader for specified period.

c. Coded forms showing water level and datum corrections
and adjustments for furnished digital tapes.

2. For finalized printout of daily water level to be completed
after USGS has returned computation sheets for each site to Contractor for
editirial correction and discharge correction or revision, the Contractor
shall provide the revised and corrected computation sheet and update forms.

3. For permanent documentation for each data collection well

site to be part of the permanent file of the USGS district office, the

following material shall be furnsihed to the USGS within 120 days after the
end of the water year:

a. Inspection sheets for digital recorders (SF 9-176).

b. Level notes regarding datum control (SF 9-276).
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c. Computed daily water-level record and discharge:

(1) Digital record and tapes (preliminary and finalized
computer printout).

(2) Correction and update form for daily values.
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Part V
SPECIFICATIONS FOR COLLECTION AND
PROCESSING OF PRECIPITATION DATA

ARTICLE I. SCOPE:
A. INTRODUCTION

This section of the specifications covers and defines the work to be done
in the collection and processing of precipitation records. The Contractor
shall be responsible for all plant, labor, materials, and equipment in the
performance of the precipitation-data collection, except for the equipment
listed in Part VI, which the Government shall furnish.

B. PRINCIPAL FEATURES

1. Work to be Performed. The work to be done under this section
by the Contractor includes the following:

a. Operation and maintenance of precipitation recording
stations.

b. Maintenance and collection of complete and accurate
continuous precipitation data at each observation site.

¢. Providing corrections to be applied to the record for
computation of the precipitation data.

2. Contractor's Responsibility. The above general outline of
the principal features does not in any way limit the responsibility of the
Contractor to perform all work and furnish all labor, materials, and equip-
ment required by the contract, the specifications, and the attachments.

C. LOCATION OF PRECIPITATION STATIONS

The location of precipitation stations in Oklahoma where work is required
under this contract is shown in Attachment 1. Each station consists of a
recorder housed in a steel shelter.

D. FREQUENCY OF INSPECTION

The Contractor shall visit each precipitation site equipped with a digital
recorder at least twice each month and each site equipped with a graphic
chart recorder once each week.

Article II. STATEMENT OF WORK

A. OPERATION AND MAINTENANCE OF PRECIPITATION STATION
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1. General. The Contractor shall provide for the operation and
routine field maintenance of precipitation gages and the collection, analy-
sis, and processing of accurate hydrologic data related to precipitation in
accordance with applicable and recommended procedures now in use by the
USGS and detailed in manuals or bulletins furnished by the Geological Survey
and detailed herein. During every visit to each station, the Contractor
shall follow the procedures for taking and recording measurements and for
proper and accurate accomplishment of all procedures and responsiblilies.
The Contractor shall insure that his employees follow the procedures out-
lined below. Failure to do so shall subject the Contractor to the default
provision of this contract.

2. Maintenance. Upon arrival at the station, the Contractor
shall make a visual inspection of the site and the surrounding area to
determine any changes or problems which may prevent continuation of later
steps, and perform maintenance of the site.

a. Minor maintenance. The Contractor shall perform minor
maintenance such as minor repairs necessary to keep the well site opera-
tional, safe, and to maintain its appearance. Such minor repairs include,
but are not limited to, replacement of defective recorders and timers which
cannot be repaired in the field, replacement of defective floats, and
repainting and repairing the shelter as required. The Contractor shall
furnish all labor and materials necessary to perform the work, with the
exception of those items of equipment that duplicate, replace, or repair
instrument or appurtenant fixtures that were provided by the Government.
Materials such as these shall be provided to the Contractor by the COR.

The Contractor shall keep the shelter clean and oil hinges, locks, and
hasps. The Contractor shall maintain a neat appearance at the site by
clipping weeds and grass around the shelter, removing debris, and generally
keeping the area clean. Minor maintenance shall be done at no additional
expense to the Government.

b. Major maintenance. Major maintenance is defined as
repair or services required to make the site opertional after a period when
the site was inoperative because of vandalism or damage to station due to
natural or man-made causes. Such major repairs include, but are not limited
to, extensive rebuilding of the shelter and complete replacement of instru-
mentation.

The Contracter shall within 3 days of discovery of a situation that might
require major maintenance, notify the COR and inform him of the amount and
costs of remedial work-planned. The COR shall within 5 days after notifi-
cation, advise the Contractor whether or not to proceed with the work. All
work shall be completed as soon as possible after approval and in all cases
shall be completed within 30 days. Contractor shall furnish all labor and
materials necessary to perform the work, with the exception of those items
of equipment that duplicate, replace, or repair instrument or appurtenant
fixtures that weére provided by the Government. Materials such as these
shall be provided to the Contractor through the COR.
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All costs associated with major maintenance shall be handled outside of
this contract. The Contractor may or may not be requested to perform
certain major maintenance, but in no event shall the Contractor be obli-
gated to perform such maintenance under this contract, unless the need for
the major maintenance is due to negligence of the Contractor. If such
negligence does exist, then the Contractor shall be responsible for accom-
plishment of the major maintenance at no expense to the Government.

All work performed shall be subject to inspection. Government shall have
the right to require the Contractor to perform the work again if the main-
tenance work is defective or would reduce the major maintenance price to
reflect reduced value of services provided.

c. Site Security. The Contractor shall close and lock all
gates or doors wherever appropriate with regard to protection of the site.

d. Maintenance and Replacement of Batteries. The Government
shall furnish 7% volt batteries to initiate operation of the equipment at
each gage site.

The Contractor will be responsible for insuring continuous operation of the
well sites and will be responsible for supplying and replacing the batter-
ies. The Contractor shall replace batteries om all recorders regularly at
2-month intervals, or when the no-load voltage drops below 7.0 volts.

Unforeseen events can cause batteries to run down. Having replacement
batteries on hand is the responsibility of the Contractor. Missing record
because of failure to replace batteries is unacceptable performance on this
contract and may subject the Contractor to a reduction in contract price,
if warranted.

3. Initial Data Collected at Site. The collection of data from
the precipitation recorders and instruments is a continuous process that
follows each step taken in the succeeding instructions; to insure a permanent
record of these data, the Contractor shall use every precaution to assure
adequate recording and documentation. The data and information collected
initially and throughout site servicing, shdll include:

a. Station name, in full;
b. Date: month (name, not number), day, and year;
c. Time: watch time using 24-hour time system;

d. Pen time of analog recorder, punch time on digital
recorder;

e. Gage reading;
f. Initials of Contractor(s);

g. Additional remarks related to station conditions.
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4. Servicing the Precipitation Recorder. After the inital
visual checks and preparation of the record sheet, the Contractor shall
service the recorder. The recorder shall be serviced using the following
procedures as a guide:

a. Empty the catchment.

b. Check to see if the clock and/or timer is running, and
mark the recorder chart;

(1) by marking the point where the pen or pencil is
resting on the strip-chart recorder (adjust timer if needed or replace if
timer has been malfunctioning), and

(2) by watching the instrument punch the digital tape
and drawing a line across the digital tape, using the top of the punch
block as the straight edge.

c. The interval for record removal depends upon the type of
precipitation~recording gage. This interval, along with instructions for
changing the record, follows:

(1) Analog (chart) recorder: The Contractor shall
remove each analog recorder record each week. The following steps shall be
taken:

(a) Remove the drum containing the analog and
examine the record. Remove the analog from the cylinder and make any
remdrks pertinent to the record on the chart. Write the date, time, and
initials of field person on the chart.

(b) Install the chart onto the drum. Feed the
trailing edge of the chart and install the spring clip so that the folded
edge is under the clip and the chart passes over the clip.

(¢) Replace the drum so that the record will
begin at the proper time on the first day of the chart. Write the station
name, date, time, and initials of the field person on the chart.

(d) Check the ink supply of the pen and replenish
it if necessary.

(2) Digital recorder: The Contractor shall remove
each digital recorder record at intervals not to exceed 7,800 punches. For
a S5-minute punch, this computes to 27 days. If the record is not removed
within 7,800 punches, the record must be cut and additional tape leader
(inspection slip) attached. It is recommended, therefore; that the record
on the 5-minute digital punch recorder be removed at 3- or 4-week intervals.
When the station is first reached, wait until the next punch occurs (for
5-minute punch, this wait will always be less than 5 minutes). Fill in the
removal block of the inspection slip. As soon as the next punch occurs,
remove the punched record by following the steps listed below:
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(a) Cut the tape leaving at least one full day in
addition to the day of the visit on the end of the tape.

(b) Examine the tape to detect any recorder mal-
function or clock stoppage since the last inspection, and record the station
name, date, time, precipitation and initials of Contractor(s) on the tape.

(¢) Check the amount of tape left on the supply
roll, and make certain that there is more than enough to last the interval
between visits.

(d) Check battery voltage or amperage and record.
Replace battery if no load voltage is less than 7.0 volts.

(e) Rethread the digital tape into the take-up
spool and record all data and observations on the field sheet.

(f) Record, on the unused portion of the new
digital tape above the punch block, the station name, station number, date,
time, and initals of Contractor(s).

(g) Complete tape leader for record removed, and
begin a new tape leader for the current record.

(h) Advance digital tape and timer to proper
times, and make a mark along top of digital punch block across tape.

5. Completion of Station Servicing.

a. The Contractor shall not leave the station without
assuring himself that:

(1) The recorded gage reading is 1.10;

(2) That the timer is running and pen or punch is set
to agree with watch time

(3) That the digital recorder is punching or the pen
is marking; and

(4) That all all latches on instruments are fastened
and that all doors are locked.

6. Transmittal of Digital Recorder Records. To facilitate the
analysis and processing of precipitation data recorded by digital recorders,
the Contractor shall function similar to a USGS field office wherein digital-
records material shall be provided to the USGS office to be translated and
submitted for computer processing of precipitation records. Processing of
the digital tape involves converting each field recorded value (usually
represented by gage height) to a corresponding parameter (usually discharge),
obtaining daily means and extremes for print, and storing selected items in
the Daily Value File 6n magnetic disk.
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a. Digital recorder

(1) The basic data are dial readings punched at uniform
time intervals by digital recordres on 16-channel tapes at the field instal-
lations. The Contractor shall transmit the digital tapes in accordance
with WATSTORE User's Guide, Volume 5, Section 1-B, Data Translation/Trans-
mission and Preparation, and as follows:

(a) The 16-channel tapes should be listed on
transmittal letter SF 9-1609 for transmittal to the USGS.

(b) Submit shift corrections and datum correc-
tions on SF 9-1874A or SF 9-1536.

(c) Submit the supplemental data with the 16-channel
tapes, i.e., in the same box, so that the USGS receives both items at the
same time.

(2) Before transmission to the USGS, the Contractor
shall examine the tapes to detect any inaccuracies in the record length,
any improperly spaced feed holes or torn tape, or any clock stoppages.
Special notes concerning these items shall be made on the tape leader,
SF 9-176D or SF 9-176E, "Inspection of Digital Recorder," attached to the
beginning of the 16-channel tape about 6 inches ahead of the punched record.

(3) The Contractor shall attach a separate tape leader
to each complete and uninterrupted record. If the tape was advanced and
reset in the field, the tape should be cut at this point and a new leader
attached. The purposes for this are so that:

(a) The field office can precisely indicate on
the tape leader their tramslation requirements.

(b) The translation instruction block serves to
document for future reference the beginning and end of each period translated
to magetic tape for computing purposes.

(4) The block labeled "Translation Instructions” of
SF 9-176D and SF 9-176E is for identifying complete uninterrupted periods
of record for translation. For precipitation records, the "Translation
Instructions' shall be completed by USGS personnel.

(5) If the clock stopped at any time, then the end
dates and times listed by the person servicing the recorder in the field
may have to be modified for entry in the translation instruction block. In
that case, the translation instruction block should be completed in accord-
ance with the assumptions made below.

(a) If the clock stopped and did not start again,

the ending watch time should then be made to read the same as the ending
tape. time in the translation instruction block on the tape leader.
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(b) If the clock stopped and did restart, it may
be possible to make use of some of the later data if the times of stopping
and restarting can be determined. In this case, the translation instruc-
tions block should be completed for the period before the clock stopped. A
red pencil line should be drawn through the last punch of the first period
of record on the 16-channel tape to indicate the ending tape time for this
period. The first item beginning the next period of record should then be
marked with a red pencil (this could be the next punch or several punches

later depending on the nature of the clock stoppage). An expression for
time similar to

04-15 2200 = 1530
(date) (actual) (on tape)

should be made on the tape to clearly mark the beginning of the next period.
The date should also be indicated on the tape. The ending date and time of
the tape should be labeled in a like manner to show the difference between
actual and tape time. A second translation instruction block should be
prepared using the actual time (not time as printed on the tape) for the
second complete and uninterrupted period on the 16-channel tape.

(c¢) The procedure explained under paragraph b
above should also be used any time that a record exceeds the maximum number

of days that are permitted on a single tape so that it has to be broken up
into two or more short records.

(6) All references to time should be in terms of
beginning and ending times and must be on a 24-hour basis.

(7) Check to insure that the 1l6-channel tapes are
rolled so that the beginning day of the tape will come off first as it is
unwound. The inside diameter of the center of each strip of tape must also

be larger than 5/8 inch to permit direct insertion on the supply spool of
the translator or transmitter.

(8) The Contractor shall furnish tha analog record,
digital tapes with leaders completed, and coding forms to the USGS within
30 days after removal from the gaging station. These will become part of
the associated record for each site for preliminary processing.

b. The primary computation sheets will not be returned to
the Contractor. Finalized printout and review of precipitation data shall
be the responsibility of the USGS.

Article III. DELIVERABLE ITEMS:

A. In the analysis and computational procedure, the USGS shall be
responsible only for the tape translation and computerized computation of
the primary and finalized precipitation record.

B. The Contractor shall furnish the following as part of the associ-
ated record for each site:
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1. For primary (or preliminary) record computation (digital
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