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Surface Water Quality-Assurance Plan for the Hawalii
District of the U.S. Geological Survey

By Richard A. Fontaine

Abstract The scope of this report includes discussions of the
policies and procedures followed by this District for the
This District Surface Water Quality-Assurance  collection, processing, analysis, storage, and publica-
Plan documents the standards, policies, and procedurdi®n of surface-water data. Specific types of surface-
used by the Hawaii District for activities related to the Water data include stage, streamflow, sediment, and
collection, processing, storage, analysis, and publica-Pasin characteristics. In addition, issues related to the
management of the computer data base and employee
safety and training are presented. Although procedures
and products of interpretive projects are subject to the
INTRODUCTION criteria presented in this report, specific interpretive
projects are required to have a separate and complete
The U.S. Geological Survey (USGS) was estab- quality-assurance plan.
lished by an act of Congress on March 3, 1879, t0 pro-  Thjs QA Plan is reviewed and revised at least once
vide a permanent Federal agency to performthe  gyery 3 years in order that responsibilities and method-
systematic and scientific “classification of the public ologies are kept current, and that the ongoing proce-

lands, and examination of the geologic structure, min-q,r3| improvements can be effectively documented.
eral resources, and products of the national domain.”

Surface-water activities in the Hawaii District are part
of the Water Resources Division's (WRD) overall mis-RESPONSIBILITIES
sion of appraising the Nation's water resources. Sur-

tion of surface-water data.

face-water data, including streamflow, stage, and Quality assurance (QA) is an active process.
sediment, are used at the Federal, State, and local levefchieving and maintaining high-quality standards for
for resources planning and management. surface-water data are accomplished by specific actions

carried out by specific persons. Errors and deficiencies

Quality-Assurance Plan (QA Plan) is to document the can resu'lt.\(v'hen individuals fail 'Fc,) carry out their
standards, policies, and procedures used by the Hawagpspons!t;!:!t!es. Clear and speglflc sta(tjgmen:s th
District for activities related to the collection, process- "€SPonsibilities promote an understanding of each per-

ing, storage, analysis, and publication of surface-wateSO"'S duties in the overall process of assuring surface-
data. water data quality.

The purpose of this District Surface-Water

The following is a list of responsibilities of District
Bersonnel involved in the collection, processing, stor-
age, analysis, or publication of surface-water data.

This plan identifies responsibilities for ensuring
that stated policies and procedures are carried out. Th
plan also serves as a guide for all District personnel
qulved'm' surface-water activities .and' as aresource e pistrict Chief is responsible for:
for identifying memorandums, publications, and other

literature that describe in more detail associated tech- 1. Managing and directing the District program,
niques and requirements. including all surface-water activities.

Abstract 1



2. Ensuring that surface-water activities in the The Surface-Water Specialist is responsible for:
District meet the needs of the Federal 1
Government, the Hawaii District, State and

local agencies, other cooperating agencies, and . o _
the general public. 2. Technically reviewing project proposals and the

ongoing progress of projects with surface-
water work elements.

. Preparing future updates and revisions of this
Quality-Assurance Plan.

3. Ensuring that all aspects of this QA Plan are
understood and followed by District personnel.

This is accomplished by the District Chief’s 3. Reviewing Data Section and project surface-
direct involvement or through clearly stated water data-collection methods.
delegation of this responsibility to other 4. Reviews computed records for all surface-water
personnel in the District. data-collection stations at least once every

4. Providing final resolution of any conflicts or three years.
disputes related to surface-water activities 5. Providing technical training of Data Section and
within the District. Investigation Section personnel as needed.

5. Keeping subordinates briefed on procedural and 6. Providing assistance or guidance as needed on
technical communications from Regional indirect measurements of discharge.

Offices and headquarters. 7. Reviews surface-water technical aspects of all

6. Ensuring that technical reviews of all surface- interpretive reports.
water programs are performed on an ongoing

basis 8. Serves as the alternate District Flood Response

Coordinator.
7. Ensuring that all publications and other technical

communications released by the District are  The Hydrologic Investigation Section Chief is respon-
accurate and are in accord with USGS policy. sible for:

1. Assuring data collection and processing is in

The Hydrologic Surveillance (Data) Section Chief is accordance with District, WRD, and USGS
responsible for: policy.

1. Providing technical leadership regarding 2. Meeting with cooperators to ensure the studies
techniques, methods, and equipment for data- program is viable and fulfills the mission of the
collection. USGS.

2. Maintaining a close working relationship with ) L.
Field Office Chiefs. The Data Management Unit (Data Base) Chief is

. . . responsible for:
3. Assuring data-collection and processing is in

accordance with District, WRD, and USGS 1. S”pe“’?smg thg Datg Management Unit gnd _
policy. coordinating its activities with other sections in
the District.

4. Meeting with cooperators to ensure the data

program is viable and fulfills the mission of the 2. Providing techni(_:al assistance for National
USGS. Water Information System (NWIS) and other

_ L data base systems.
5. Serving as the District Flood Response

Coordinator. 3. Developing and implementing plans and

guidelines for the effective management and

6. Serving as the District Sediment Specialist. dissemination of hydrologic data both within
7. Assuring proper, property owner agreements and the District and in response to external
permits for all data collection activities. requests.

4. Working with project chiefs to facilitate the
development of data-management plans for
hydrologic investigations.

2 Surface Water Quality-Assurance Plan for the Hawaii District of the U.S. Geological Survey



5. Directing, conducting, and assisting in training COLLECTION OF STAGE AND

sessions and technical meetings. STREAMFLOW DATA

6. Creating all new sites in the data base and . o -
maintaining data descriptor (DD) instrument Many of society's daily activities, including indus-
files. try, agriculture, energy production, waste disposal, and

recreation, are closely linked to streamflow and water
availability; therefore, reliable surface-water data are
necessary for planning and resource management. The
collection of stage and streamflow data is a primary
8. Providing assistance as needed for routine component in the ongoing operation of streamflow-
Automated Data Processing System (ADAPS)gaging stations (referred to in the remainder of this
and DECODES questions from Project or report as gaging stations) and other water-resource stud-
Field Offices. ies performed by the USGS and the Hawaii District.

7. Maintaining DECODES and writing
configuration files for Data Collection
Platforms (DCP’s) and data loggers.

The objective of operating a gaging station is to
obtain a continuous record of stage and discharge at the
site (Carter and Davidian, 1968, p. 1). A continuous

The Field Office, Duty Station, or Project Chief is
responsible for:

1. Design and construction of data-collection record of stage is obtained by installing instruments that
gaging-stations. sense and record water-surface elevation in the stream.
2. Assuring the accuracy of gaging-station recordsPischarge measurements are made at periodic intervals
in the field area. to define or verify the stage-discharge relation and to
- . define the time and magnitude of variations in that rela-
3. Providing leadership for staff members. tion.

4. Maintaining expertise in all phases of data

. o . It is the policy of this District that all personnel
collection, compilation, and computation.

involved in the collection of stage and discharge data
5. Providing on-the-job and formal training for shall be properly trained, well informed, and follow the
staff members. surface-water data-collection policies and procedures

6. Submitting site schedules for all data-collection established by the WRD.

stations to the Data Base Chief for input to
GWSI and verifying the accuracy of the data

o Gage Installation and Maintenance
once it is input.

Proper installation and maintenance of gaging sta-
tions are critical activities for ensuring quality in
streamflow-data collection and analysis. Effective site
1. Correctly and accurately making discharge and selection, correct design and construction, and regular

water-level measurements of various types.  maintenance of a gage can make the difference between

The Field Hydrologic Technician or Hydrologist (field
personnel) is responsible for:

2. Installing, servicing, and repairing gaging- efficient and accurate determination of drainage-basin
station instruments and gage houses. discharge or time-consuming, poor estimations of flow.

3. Entering data retrieved from gaging stations into ~ Sites for installation of gaging stations are selected
the appropriate data base. with the intent to meet the purpose of each specific

4. Developing stage-discharge ratings and enteriniag.e' Additionally, sites are selected With t_he intent of
' them into ADAPS _chlevmg, to the_gre_atest extent_possml_e, ideal h_ydrau-
' lic conditions. Criteria that describe the ideal gaging-
5. Computing discharge records and writing stationstation site are listed in Rantz and others (1982, p. 5).
descriptions and analyses. These criteria include unchanging natural controls that
6. Helping design and construct gaging facilities. promote a stable _stagg-discharge relation, a satisfactory
reach for measuring discharge throughout the range of
stage, and the means for efficient access to the gage and
measuring location. Other aspects of controls consid-

Collection of Stage and Streamflow Data 3



ered by District personnel when planning gage-house deficiencies are remedied. The Data Section Chief will
installations include those discussed in Kennedy (1984inspect 20 percent of the gages in the District each year
p. 2). to ensure that maintenance practices are being ade-

The individual responsible for selecting sites for auately applied.
new gaging stations is the Field Office or Project Chief
with assistance from the Surface-Water Specialist or th
Data Section Chief as needed. The process of site selj\él_easurement of Stage

tion includes discussions with cooperators on the pur- Many types of instruments are available for mea-

pose Of_ the gage, a file ;earch to determine if , suring the water level, or stage, at gaging stations. There
discontinued stations existed in the area, analysis of tefsi

: ) _ _ -are nonrecording gages (Rantz and others, 1982, p. 24)
rain using topographic maps and aerial photography, i,y recording gages (Rantz and others, 1982, p. 32).

available, review of tax maps to determine the Class'f'gecause the uses to which stage data may be put cannot

?a;[('jon and ownership of Ian(:)sl_lr;]tl;le arelza,_ and de_tanef e predicted, it is Office of Surface Water (OSW) pol-
€ld reconnaissance to esta_ 1S the re atlye merits o icy that surface-water stage records at stream sites be
potential sites. The responsibility for ensuring proper

q on of th (iollected with instruments and procedures that provide
ocumentation of agreements With property owners ang, gicieng accuracy to support computation of discharge

completion of permits required by appropriate regula- 4., 5 stage-discharge relation, unless greater accuracy

tory agencie§ Is helq bY the Data Sec_ti_o_n Chief. is required (Office of Surface Water memorandums
Approval of site design is the responsibility of the Data 93.07 and 96.05)

Section Chief. Responsibility for construction of gages _ _ _
is held by the Field Office or Project Chief. Inspection In general, operation of gaging stations for the pur-
and approval of the completed installation is the responP0se of determining daily discharge includes the goal of

sibility of Data Section Chief or the Surface-Water Spe-Collecting stage data at the accuracy of + or - 0.01 foot
cialist. (Office of Surface Water memorandum 89.08). An

A ; ful'i : d mai explanation of WRD policy on stage-measurement
program of careful inspection an ma'ntenanceaccuracy as it relates to instrumentation is provided in

of gages and gage houses promotes the collection of nyiee of Surface Water memorandums 93.07 and
reliable and accurate data. Allowing the equipment and96 05

structures to fall into disrepair can result in unreliable =
data and safety problems. It is District policy that field _ The types of instrumentation installed at any spe-
personnel perform visual inspections during each site Cific gage house operated by Hawaii District is depen-
visit and conduct detailed safety inspections on an dent on the needs of the cooperator, the availability of
annual basis. To prevent the buildup of mud or the clogUtility lines, terrain, vegetation type and density, the
ging of intakes, stilling wells are pumped or manually €xpected range of stage, channel type, real-time data
cleaned at least once a year and more often as site sggduirements, and accessibility. Types of water-level
cific conditions require. Interim safety guidelines for ~récorders operated by personnel in this District include
work in stilling wells are provided in Water Resources lectronic data loggers, satellite, radio, and cellular
Division memorandum 97.32. Other maintenance activPhone transmitters, and graphic recorders. Stage sens-
ities performed on a regular basis include rodding of iNg instruments attached to recorders include floats
intakes, clearing vegetation along the access trail and(Used in stilling wells) and pressure sensing systems
near the gage and control, oiling instruments and locksSuch as submersible and non-submersible transducers.
and cleaning the inside of the gage house. Maintenance  The responsibility for determining what type of
during each gage visit includes checking battery volt- water-level recorders are operated at each gaging sta-
age, operation of solar panels, and appropriate cleaningion is held by the Field Office or Project Chief. Due to
of artificial controls the flashy nature of Hawaii streams, water-level record-
Field personnel are responsible for ensuring that €rs, with the exception of graphic instruments, will be
gages and gage houses are kept in good repair. It is theet to record at a maximum interval of 15 minutes.
responsibility of the Field Office or Project Chiefto ~ Ensuring that new equipment has been installed cor-

ensure these responsibilities are carried out and that arfgctly is the responsibility of the field personnel who
Service the gage. Proper maintenance of gage
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instrumentation or replacement, if appropriate, of inspections of the gaging station, the instrumentation
equipment is the responsibility of the field personnel being used at the station, and the data being collected to
who service the gage. determine when problems have already occurred or are
about to occur. When deficiencies are identified, field
personnel are expected to recalibrate, repair, or replace
the defective equipment as soon as possible. Extra
instruments and parts sufficient to make the majority of

(Office of Surface Water memorandum 93.07). To repairs or replacements are carried in the field vehicle or

ensure that instruments, located within the gage housétored in the Field Office. Individuals who have ques-

record water levels that accurately represent the watef©"S related to the calibration and maintenance of
levels of the body of water being investigated, “inside” water-level recorders should contact the Field Office or

and “outside” water-level readings are obtained by Project Chief. Technical questions beyond their level of

independent means. The inside gage readings shoulg€XPertise can be referred to others in the District famil-
equal outside readings, with the exception of instance r'vwfh the subject msFtrur'rll_entatlor:l, the USGS Hydro-
in which the gages are not in the same pool at all range£9'C fnstrumentanon acllity, or the equipment

of stage. At stations equipped with a stilling well, the Manufacturer.

base or reference gage usually is an instrument installed

inside the gage house, and other gages are installed o
side the gage house to indicate whether or not the
intakes, that connect the stilling well with the stream, It is District policy that certain documents are

are operating properly (Rantz and others, 1982, p. 53 placed in each gage house for the purpose of keeping an

and_p. 6_4).HFor (—:_‘_xarrlnple, atdmost stllllng-wel:tgaglngc-j on-site record of observations, equipment maintenance,
stations in Hawall, the recording gages are referenced (g maintenance, and other information helpful to

a staff plate attached inside the stilling well and outsideﬁelol personnel. Documents maintained at each gage

readings are made on staff plates anchored securely house include: (1) the most recent digital, stage-

along the streambank near the gage. At bubble and preal'scharge relation (rating); (2) a graph of the rating

_sur'e—transducer gages there is no water level toread |, o which each new measurement is plotted; (3) the
E]S'ge the gage anﬁ inside gage read;]ngs a;g re[;reserr]]t st recent station description listing all gages and ref-

yt Zcounter on_; € manolmetler orthe rga Ing roﬁmf @rence marks at the site and associated elevations, loca-
trags uce_r. %UES' e water_ evfe sare req or]: aklsta pl atf?on of measurement cross sections, information related
or determined by measuring from a point of know ele-y,, oy ireme events including the potential for channel

;(atlo_rll,hor referznce pomtzc;[ha:]ls Iofcated near t::_e r?”r; storage between the gage and measuring section during
ice. These readings provide the reference to which thgy, 4 conditions, and other information (see the section

recording bubble and pressure transducer gages are S Documentation, Station Description” in this

Personnel servicing the gage are responsible for report); (4) a log updated by field personnel upon each
comparing inside and outside readings during each sitsite visit describing control conditions and listing gage
visit to determine if the outside water level is being rep-readings, measurement values, gage-house mainte-
resented correctly by the gages. If a deficiency is idennance, and equipment maintenance; and (5) the current
tified, the personnel servicing the gage are responsibl@b hazard analysis for the station.
for thoroughly documenting the problem on the field

note sheet and _either co_rrecting the probl'em immedi- outdated material with updated gage documents as
ately or contacting the Field Office or Project Chief so needed. When field personnel visit a gage house and

that corrective actions can be taken at the earliest Oppofdentify aneed to update one or more of the documents

tunity. remarks to that effect will be added to the field notes
Ensuring that instrumentation installed at gaging and the documents will be replaced during the next gage
stations is properly serviced and calibrated is the visit. Individuals having questions related to what doc-
responsibility of field personnel. This responsibility is uments should be kept in a gage house, when the docu-
accomplished by conducting regularly scheduled field ments should be replaced with newer documents, or

Accurate stage measurement requires not only
accurate instrumentation but also proper installation
and continual monitoring of all system components to
ensure the accuracy does not deteriorate with time

%'age Documents

Field personnel are responsible for exchanging

Collection of Stage and Streamflow Data 5



appropriate methods of appending logs or plotting meaturning points and side shots are described in Kennedy
surements should contact the Field Office or Project (1990) and in Office of Surface Water memorandum
Chief. 93.12. The level instruments are kept in proper adjust-
ment by regularly running peg tests as described by
Kennedy (1990, p. 13) or by Benson and Dalrymple
Levels (1967, p. 4). The leveling instrument should not have an
_ ) _ error greater than 0.003 feet per 100 feet. The date and
The various gages at a gaging station are set to regasylts of the most recent peg test will be noted on each
ister the altitude of a water surface above a selected survey's summary sheet. A summary of all peg test
level reference surface called the gage datum. The  regyits will be maintained for each leveling instrument
gage's supporting structures--stilling wells, backings, in the Field Office files. Telescoping fiberglass rods
shelters, bridges, and other structures--tend to settle il not be used for station levels. Rods used for station
rise as a result of earth movement, static or dynamic |evels should be kept dry and not used for work such as

|OadS, Vibration, or battel’lng by f|00dwatel’s and ﬂOOd'Cross_Section Surveys and Should be Checked W|th a
borne debris. Vertical movement of a structure makesstee| ruler each time they are used.

the attached gages read too high or too low and, if the Wh , ion levels the el _ ¢ all
errors go undetected, may lead to increased uncertain- en running station levels the elevations of a
ties in streamflow records. Leveling, a procedure by reference marks, outside a_md |nS|_d'e St‘?ﬁ gages, crest_-
which surveying instruments are used to determine th tage gages, reference points, orifice ups, and if POSSI-
differences in altitude between points, is used to set th!€ the point of zero flow will be determined. In addi-

gages and to check them from time to time for verticaltion the elevation of the wqter surfa_ce will be leveled
movement (Kennedy, 1990, p. 1). Levels are run peri-and compared to the readings obtained from all record-

odically to all bench marks, reference marks, referencé"9 !nstrumtfen;s and ]Eeference gakges. The;le shoul?_rtl)e a
points, and gages at each station for the purpose of Minimum of three reference marks at each gage. The

determining if any datum changes have occurred (Rant212rks should be located on two, or more, different fea-
and others, 1982, p. 545). tures and at least one should be above expected peak-

flood stages. Where feasible, gaging-station reference

Itis District policy that levels are run at newly  marks should be tied in to National Geodetic Vertical
installed gaging stations at the time that instrumentatiorpatum. Cross sections at the gage control should be
is installed and data collection begins. Levels are run fofgptained a minimum of every other time that station lev-
established gaging stations as called for in the Hawalig|s are run and more frequently if significant changes to
District policy memo for frequency of station levels  the control are suspected. Control cross-sections should
dated January 30, 1995. The basis for this policy mema,e syrveyed to cover the entire range of stage defined by
can be found in the TWRI by Kennedy (1990, the current rating curve for the station. Survey results
p. 14) and Office of Surface Water memorandum 90.10should be plotted and compared to previous control

Reference gages are reset to agree with levels when digross-sections to determine if and when significant
ferences of greater than 0.010 feet are found. Gages changes have taken place.

should be reset when levels are run but only after the ield | ible f ing th
field notes have been checked. When gages are reset, Field personnel are responsible for ensuring that

field personnel repeat the levels to all adjusted gages t&lrllf'ellld Iel\{e:cs that f[heY fun are go_mphutei'd arlld checked.
ensure they were correctly reset. Gage resets that are e evelin ormation is entere_ In the level-summary
prm by field personnel. Ensuring that levels are run

made are indicated on the analysis sheets for that set 5
levels and on the level-results summary-sheet for thatcorrectly and that all level notes are completed correctly

station. In addition, gage resets need to be discussed il the r_espﬁnslibilit?/ ofthe Field E)ffice or Pr_ojecftChief.
the station analysis when working the records for that ="Suring thatlevels are run atthe appropriate frequency

water year. is the responsibility of the Field Office or Project Chief.

_ When station levels are run at a particular gage their
Levels are run by use of field methods and docu- ggequacy and frequency will be checked as part of the

mentation methods described in Kennedy (1990). Levekyrface-water records review for the year and station in
procedures followed by District personnel pertaining to question.

circuit closure, instrument reset, and repeated use of

6 Surface Water Quality-Assurance Plan for the Hawaii District of the U.S. Geological Survey



Site Documentation features, or to supplement various forms of written doc-
umentation such as station descriptions. Detailed docu-
Thorough documentation of qualitative and quan-mentation of site conditions with photographs is also an
titative information describing each gaging station is important part of theoretical analyses such as slope-
required. This documentation, in the form of a station areas, culvert and flow over dam computations, and
description and photographs, provides a permanent step-backwater studies. Field personnel should have
record of site characteristics, structures, equipment, access to cameras and have them readily available when
instrumentation, altitudes, location, and changes in corservicing gage installations. Each photograph that
ditions at each site. Information pertaining to where becomes part of the station record is identified by date,
these forms of documentation are maintained is dis- location, view, and if applicable the gage-height and
cussed in the section of this report entitled “Office Setstreamflow at the time the picture was taken. Photo-

ting.” graphs for the current year are placed in that year’s file
folder and provided as part of the review packet when
Station Descriptions the records are submitted for review. Older pictures are

placed in the photograph file for the respective station.
A station description is prepared for each gaging Photographs taken as part of special theoretical analyses

station, and becomes part of the permanent record forare kept in folders prepared to hold all information asso-
each station. Itis District policy that the station descrip-ciated with that particular effort.
tion is written prior to the time when the station’s first
records are computed and reviewed. The responsibility
for ensuring that station descriptions are prepared corbirect Measurements
rectly and in a timely manner is held by field personnel
who are assigned to service the station. Station descrip-  Direct measurements of discharge are made with
tions are updated whenever significant changes have any one of a number of methods approved by WRD.
been noted. Itis the responsibility of the Field Office or The most common is the current-meter method.

Project Chief to ensure that updates are made as A current-meter measurement is the summation of
required. The adequacy of station descriptions will be i hroducts of the subsection areas of the stream cross
determined and suggestions for improvement will be getion and their respective average velocities (Rantz
made as part of the annual review of each station’s  anq others, 1982, p. 80). Procedures used for current-
surface-water records. meter measurements are described in Rantz and others

Station descriptions are written to include specific (1982, p. 139), Carter and Davidian (1968, p. 7), and
types of information in a consistent format as illustratedBuchanan and Somers (1969, p. 1).

by Kennedy (1983, p. 2). The goal of a well written sta- When personnel make measurements of stream
tion description is to provide an archive of knowledge discharge, attempts are made to minimize errors.

we have gained regarding a particular gaging station gqrces of errors are identified in Sauer and Meyer
over time. When a new gaging station is established its(lggz)_ These include random errors such as depth mea-
unique identification number is assigned by the Field g,rement errors associated with soft, uneven, or mobile
Office or Project Chief and checked by the Data Man-gyreampeds, or uncertainties in mean velocity associ-
agement Chief. Locations of all new gaging stations andye with vertical-velocity distribution errors and pulsa-
their drainage basins are delineated on the DISIrct's on errors. These errors also include systematic errors,

base maps and drainage areas are computed by the Figldias associated with improperly calibrated and main-
Office or Project Chief and checked by the Data Chiefigineq equipment or the improper use of such equip-

and Data Management Chief. ment. To minimize the effects of any systematic errors,
all field trips are rotated between field personnel on a
Photographs regular basis. Field trip rotation plans, that are individ-

, ually tailored to meet the needs and unique situations of
Photographs are_taken by field personnel for the each Field Office, are developed by each Field Office
purpose Qf documentlng gage—house construction,  chief angd approved by the Data Section Chief. Itis the
changes in control conditions, floods, damage to g""geresponsibility of the Data Section Chief to ensure that
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these plans are followed and updated as necessary. can be more accurately measured using the AA meter.
Whenever field data collected by one individual suggestAs a practical matter streams in Hawaii typically have
the need for a new rating or an unusual pattern of shiftsreasonably fast velocities when depths increase and in
the results will be field verified by at least one indepen-most instances use of the AA meter, with its smaller
dent party. Field observations of discharge measure- number of rotations per unit of water velocity, makes
ment techniques being used by field personnel will bemore sense for depths in this grey area.

made at a minimum of 20 percent of the gaging stations
on an annual basis by either the Data Section Chief
and/or the Surface Water Specialist.

There are several instances, for example when cur-
rent meters are suspended from a cable using sounding
weights, when the above criteria are not appropriate.
District policies related to the measurement of dis-Criteria specific to these individual instances are sum-
charge by use of the current-meter method, in accor- marized by Rantz and others (1982). Stream depths less
dance with WRD policies, include the following. than 0.75 feet are common and alternate methods of dis-
charge measurement such as the use of portable weirs

Depth and velocity criteria for meter selection.-- 41 d vol X
District personnel select the type of current meter to peNd Tiumes and vo gmetrlc measurements are most
ften not feasible with such volumes of water. In such

used for each discharge measurement on the basis of?

criteria provided by the OSW, in memorandums 85.07°45es it is recommended to continue use of the pygmy
and 85.14. In most cases the choice of current meter téneter and the .6 depth meth_od for qlepths as shallow as
use is between the Price AA or pygmy meters. Depth 0.3 feet. Meters are l.JSEd W'Fh caution _vvhen a measure-
criteria for choosing between the two meters is based oH}eEt musthbg mad_edlndct())no(ljltéons outs:jde .Of _thefranges
the knowledge that the AA meter will under register Oht & method provi ed y h \?/ Anyh ewangr;] rom
velocities when itis within 0.5 feet of a boundary (Watert 0se criteria are ngti on the front sheets of t € r(rjlea—
surface or streambed) and the pygmy meter will undersurzm(;—:'nt notgs ar|1 ;Itle_msa%urelm_ent a;ccgrac_:;;lls own-
register velocities when it is within 0.3 feet of a bound-3"ad€d accordingly. All individuals involve wit

ary. The choice between meters also depends on the M2King discharge measurements should have a copy of

method used to determine mean velocity. Mean velocit)}he. r_eport o!escnbmg how to determine the errors in

in a given vertical section is generally determined as thénd'v'duaI dlscha_rge_measurements by_Sauer and Meyer
average of readings taken at 20 percent of the depth (&1992)' Information in the r'eport will give them the
depth) and 80 percent of the depth (.8 depth) or by talgpegnsto ev_aluate the rela.tlve accuracy of measurement
ing a reading at 60 percent of the depth (.6 depth). ~ °Ptions available to them in the field.

According to data summarized by Sauer and Meyer Rantz and others (1982, p. 144) recommend that
(1992) determinations of mean velocity using the averneither the AA meter nor the pygmy meter be used to
age of readings taken at the .2 and .8 depths are moreneasure discharge when velocities are slower than 0.2
accurate than those based on the .6 depth method. Alsfeet per second (ft/s). According to results summarized
point velocity readings, using the AA meter, have in Sauer and Meyer (1992) the instrument error,
smaller errors than those made using the pygmy metegxpressed as the standard error in percent, when mea-

Using the above information results in the follow- suring water velocities of 0.20 ft/s is 3.5 percent for the

ing recommendations for meter selection. When depthg‘A m_eter and 7.3 percent fo_r the pygmy meter. As a
are greater than 2.5 feet, an AA meter should be US‘edaractlcal matter standard rating tables for the AA and
with mean velocity based on the .2 and .8 depth methodPY9My meters have been extended to about 0.1 ft/s and
When depths are between 0.75 and 1.25 feet a pygmyelocities between 0.1 and 0.2 ft/s are often encountered
meter should be used with mean velocity based on thd! the' field. Extrapolation of the instrument errors to

.6 depth method. Meter selection at depths between 1,2%el0cities of 0.1 /s (Sauer and Meyer, 1992) indicates
and 2.5 feet is a grey area. On the one hand, when that such measurements would have errors of 7.0 per-

depths are greater than 1.5 feet there is a gain in accfENt for the AA meter and 18.0 percent for the pygmy
racy, because with a pygmy meter the .2 and .8 depth_meter' The key point to note here is the rapid increase in

method can be used to determine mean velocity Wh”énstrument error for velocities less than 0.2 ft/s and the
the AA meter still requires use of the less accurate .6 'MPortance of following the 0.2 ft/s minimum criteria
depth method. On the other hand individual velocities " Velocity measurements whenever possible.
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It is recommended that a change of meters is notshould be closer in the parts of the measurement section
made during a measurement in response to the occurthat have greater depths and velocities. The USGS uses
rence of two or more subsections in a single measurethe midsection method of computing current-meter
ment cross section that exceed the stated ranges of deptireasurements (Rantz and others, 1982, p. 80). The
and velocity. For example assume that an AA meter idasis of this method is that the depth and mean velocity
being used and some of the subsections have depths leseasurements taken at a sampling vertical represent the
than 1.25 feet. In such a case continue to use the AA mean depth and velocity conditions in the subsection
meter and the .6 depth method. If the computed dis- that extends half-way to the adjacent sampling verticals.
charge, in the subsections that fall outside the AA metefThe locations for measurement verticals should be
depth criteria, account for more than 10 percent of theselected with this computational procedure in mind.

total discharge, then a pygmy meter should be used for o\ o1 yerticals than are ideal are used measuring

the entire measurement. Similarly, this 10 percent rul§q,, 15\ys in streams and measuring in ditches when the

is areasonable starting point for use in determining hOWchanneIs are very narrow. In such circumstances the

much of the discharge' being measured in a section Cayawaii District policy is that the minimum width of

be allowed to fall outside the AA and pygmy meter g hqections to be used when making discharge mea-
selection criteria before a change to alternative mea- urements is 0.5 feet for an AA meter and 0.2 feet for a
surement techniques, such as use of flumes, is consi Jygmy meter. These values were determined to be the

ered. There are isolated situations when the use of MOTE <t tenth of a foot increment that is greater than the

that one type of meter in the course of making a Mea\vidths of the respective meters (5 inches or 0.42 feet for
surementis reasonable. Such situation would be when 8n AA meter and 2 inches or 0.17 feet for a pygmy

very shallow overflow or secondary channel is to be meter). As a result of the above policy there will be

measured along with a larger, deeper main channel._ “ﬂmes when use of a pygmy instead of the AA meter is
such a case the AA meter would be used for the main .. <onable. For example when measuring in a ditch
channel and the pygmy meter would be used for the ,,inq gepths that are all greater than 1.5 feet an AA
shallow overbank area. meter would normally be selected, with the subsections
Number of measurement subsection3he spac- 0.5 feet apart. However if the ditch is 4 feet wide the
ing of observation verticals in the measurement sectiormeasurement would only include 9 subsections. Using
can affect the accuracy of the measurement (Rantz and pygmy meter, with its recommended 0.2 feet spacing
others, 1982, p. 179). The WRD criteria are that obsebetween verticals, the measurement would include 21
vations of depth and velocity be made at a minimum ofsubsections and therefore result in a more accurate
about 25 verticals, which are normally necessary so thatletermination of discharge. Note that in some instances
no more than 5 percent of the total flow is measured inthe velocities could be too fast to make the switch to a
any one vertical. Under most conditions the dischargepygmy meter possible.
computed for each vertical should not exceed 10 per- Other direct methods of measuring discharget--
cent of the total discharge and ideally not exceed MOréc pistrict policy that WRD and OSW techniques and
than 5 percent (Rantz and others, 1982, p. 140). Méay jiqelines are followed when discharge measurements
surement of discharge is essentially a sampling proces re made with any selected method of measurement.
and the accuracy of sampling results typically decreaseéther direct methods of measuring discharge that are

markedly when therr]l'umble'r ofsam;lalles izlgss 'than abOLﬂsed in the Hawaii District include use of (1) floats, (2)
25. Exceptions to this policy are a owed In CIrtUm-—y5)ymetrics, (3) portable weir plates, and (4) portable
stances where accuracy would be sacrificed if this NUMp4rshall flumes. Instructions on the use of the above
ber of verticals were malnf[alned, suc_:h as for methods can be found in chapter 8 by Rantz and others
measurements during rapidly changing stage (Rantz 19g2) and in Buchanan and Somers (1969, p. 57). The
and others, 1982, p. 174). use of flumes to measure discharge is covered in the
It is not recommended that a uniform width TWRI by Kilpatrick and Schneider (1983).
between measurement verticals be maintained across Computation of mean gage heightistrict per-

the entire measurement section unless the velocity angonnel use procedures for the computation of mean

depth characteristics of the chan_nel are relatlvely_ un"gage height during a discharge measurement presented
form. As a general rule the spacing between verticals
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in Rantz and others (1982, p. 170). Mean gage height isies than a third measurement is made and the most
one of the coordinates used in describing the stage- consistent two of the three measurements are used for
discharge relation at a streamflow-gaging site. rating analysis.

Check measurements\When a discharge mea- Corrections for storage.€orrections for storage
surement is made at a gaging station it is the responsihanges in the reach of channel between the measure-
bility of field personnel to compute the mean gage = ment section and the gage, applied to measured dis-
height and discharge and plot the results on the currentharges for the purpose of defining stage-discharge
rating before leaving the station. It is Hawaii District relations, are those discussed in Rantz and others, 1982,
policy that the results should check a defined section ofp. 177 and in Office of Surface Water memorandum
the rating curve or trend of departures shown by recen®2.09.
measurements within criteria associated with either the Questions.-Personnel who have questions con-

range of discharge being measured or the accuracy ractérning the appropriate procedures for making stage

inghassignedftdq thﬁ measuremen;.hc_:riteria aSSOCi?ted and discharge measurements should address their ques-
with range of discharge are (.1) within 10 percent for o0 16 the District Surface-Water Specialist.
discharges less than 1.0 cubic feet per second (cfs),

(2) within 7 percent for discharges of 1.0 through 10.0

cfs, and (3) within 5 percent for discharges greater tharf-ield Notes

10.Q cfs. Criteria associated with the accuracy rating Thorough documentation of field observations and
assigned to the measurement are (1) within 5 percentfogja5_collection activities performed by field personnel
measurements rated good to excellent, (2) within 8 pefig 4 necessary component of surface-water data collec-
cent for measurements rated fair, and (3) within 10 pergon and analysis. To ensure that clear, thorough, and
cent for measurements rated poor. If the measured gy stematic notations are made during field observa-
discharge does not meet criteria assougted with elthEﬁonS, discharge measurements are recorded by field
of the above categories then a second discharge meagersonnel on standard USGS discharge-measurement
surement should be made. If a second measurement {gy105. Original observations, once written on the note

called for and it is not made then an explanation as t0gheet, are not erased. Original data are corrected by
why should be included on the measurement notes. Ongygsing the value out then writing the correct value.

acceptable reason not to make a second measurementd§ e examples of original data on a discharge-

if the first measurement confirms an obvious change inpeasurement note sheet include gage readings, depth,
control conditions that would cause it to plot either plus yey0|ytions and time for velocity observations, and sec-
or minus from the existing rating condition. tion stationing. Examples of information on a dis-

When making a check measurement the goal is tacharge-measurement note sheet that is derived from
reduce the possibility of systematic error by changing original data, but not in itself original data, include total
the measurement conditions as much as possible (Rantlischarge on the front sheet and mean gage height.
and others, 1982, p. 346). To the extent possible this It is District policy that all discharge measure-
means changing the equipment being used, the mea- ments made at gaging stations are calculated in their
surement section or spacing of measurement verticalynrety before field personnel leave the field site,
and the hydrographer. If the check measurementis njess emergency evacuation is required for reasons of
within the percentages listed above from the first meagfety. In addition personnel should fill in all blanks on
surement, then the two measurements provide reliablgne front sheet of the standard USGS discharge-
evidence of the current status of the stage-dischargé measurement notes at the field site. Depending on the
relationship. If a problem was found that caused the firsjy, ation, several entries are not applicable (for example
measurement to be in error (for example current metegyestions that pertain to water quality measurements
not spinning freely) and the check measurementis  \yhen none are taken) and in these blanks either a dash
within allowable percentages, from either the current o he |etters N.A. (for not applicable) should be shown.
rating or trend of departures, then the first measuremenb 3 tjcylar emphasis should be given to obtaining (1) all
will not be given consideration in records analysis andappropriate recording and reference gage readings that

the second measurement will be used. If the check meggscribe stage conditions as found and as reset, during
surement does not fall within either of the above catego-
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the time when the discharge measurement is being An array of acceptable equipment for measuring dis-
made, and just prior to leaving the gaging station, charge includes current meters, timers, wading rods,
(2) detailed documentation of any problems found at thebridge cranes, tag lines, and others (Rantz and others,
gaging station (such as changes to the control or 1982, p. 82; and Smoot and Novak, 1968). Although an
plugged intakes), any actions taken in response to thesefficial list of acceptable equipment is not available,
problems with associated times, and responses to theBuchanan and Somers (1969), Carter and Davidian
actions (such as the magnitude of stage change after (1968), and Edwards and Glysson (2000) discuss the
cleaning of the control), (3) documentation of control equipment used by the U.S. Geological Survey.
conditions and any other factors that could have an
effect on the stage-discharge relationship at the gage

and, (4) documentation of highwater condition_s that Price AA current meter and the Price pygmy current
may have taken place subsequent to the previous gaggeier Methods followed by District personnel for

visit including the determination of peak gage heights inspecting, repairing, and cleaning these meters are

from peak stage indicators and highwater marks both described ’in Smoot é\nd Novak (1968, p. 9), Rantz and
inside and outside the gage stilling well. It is important others (1982, p. 93), Buchanan and Somers (1969, p. 7)
to recognize that field observations play a key role in and Office of’ Surfa(’:e Water memorandum 99.06.1 '

determining how records of streamflow are computed at _ o -
the gaging station in question. The ultimate responsibility for the good condition

Notati iated with miscell ; and accuracy of a current meter rests with field person-
otations assoclated with miscellaneous surface- |y yses it (Office of Surface Water memorandums
water data-collection activities are to be documented 089 07 and 99 06). A timed spin test made a few minutes
the either the front sheet of standard USGS measure—be]'core a mee{surément does not ensure that the meter
ment notes or on the USGS miscellaneous field-notes iy ot hecome damaged or fouled during the measure-
fo_rrr_L Al ml_s<_:<_allaneous notes are requwed toinclude, alyent. Field personnel must assess apparent changes in
minimum, initials and last name of field-party mem- velocity or visually inspect the meter periodically dur-

bers, date, time associated with observations, purposg, anq after the measurement to ensure that the meter
of the site visit and the four categories of information continues to remain in proper operating condition

noted in the previous paragraph.

The meters most commonly used by District per-
sonnel for measuring surface-water discharge are the

A revi ¢ field h . ired I Spin tests.4t is District policy that spin tests are
re}”iw 0 |fe note sheets :js require ?r?nu?j Y required prior to each field trip. Spin-test results are
as part of the surface-water records review. The ade- y,, mented in a log that is maintained for each instru-

quacy OT field nptes Is algo chec_ked at r_a_ndor_n inter\’E’\‘Is‘rnent. Spin test logs for all current meters in use are kept
by the Field Office or Project Chief. Deficiencies found togetherin abinderin each individual Field Office. This

in the content, accuracy, clarity, or thoroughness of | js hart of the archived data of WRD (Office of Sur-

field notes as part of the annual records review are ideq:—ace Water memorandums 89.07 and 99.06). The mini-
tified and communicated to the Field Office or Project : o

i ) : o . mum acceptable spin test times to qualify a meter for
Chief and the responsible field technician in writing. .14 use are 45 seconds for a pygmy meter and 2 min-
Deficiencies found as part of random reviews con-

he Field Offi . hief utes for an AA meter. Meters in good condition will
dycted by the Field Office or Project Chie aré commu-y, vide spin test times of about 90 seconds for a pygmy
nicated orally to the responsible field technician. The

deficienci died b idi ifici meter and 4 minutes for an AA meter. Repairs are made
e 'C'fnc'ei arFe_ rﬁjmoeﬁ_|e prrQV| |g%_s$e0|dlg INSUCY, meters when deficiencies are identified through the
tions fromthe Fie ice or Project Chiefand in some spin test or inspection. Review of this log by the Field

cases the District Surface-Water Specialist to individuy¢ e o Project Chief is required annually. If deficien-
als who fail to record notations that meet USGS and o are observed during this review of the log, the

District standards. responsible field person in informed through oral com-
munication and the problem is corrected as soon as pos-
Acceptable Equipment sible.

Equipment used by the Hawaii District for the In addition to the timed spin tests performed prior
measurement of surface-water discharge has been 10 field trips, field personnel are required to inspect the
found acceptable by the WRD through use and testingmeter before and after each measurement to see that the
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meter is in good condition, that the cups spin freely, andrelated to site selection, field survey, identification of
the cups do not come to an abrupt stop. Descriptive high-water marks, the selection of roughness coeffi-
notations are made at the appropriate location on the cients, computations, and the written summary. The
field-note sheet concerning the meter condition, such a®istrict also follows procedures for measurement of
“OK” or “free” or other such comments. To ensure that peak discharge by indirect methods presented in Rantz
field personnel carry out their responsibilities in main-and others (1982, p. 273).

_taining the equipment they use, th? equipmgnt s _ In addition to the general procedures presented in
inspected annually by the Field Office or Project Chief Benson and Dalrymple (1967), the District follows

and at random intervals by the Surface-Water Specialy;ijelines presented in other reports that describe spe-

Ist. cific types of indirect measurements suited to specific
types of flow conditions. The slope-area method is
Alternative Equipment described in Dalrymple and Benson (1967). The USGS

. applies the Manning equation in application of the
New con(_jltlon$ and the development of new tech slope-area method. Procedures for selecting the rough-
nology sometimes involve the collection of surface-

rgess coefficient are described in Arcement and
fully accepted by WRD. To demonsirate the qualy of,2 o 2 0 DI FETR R I SRRE
surface-water data coIIecteo_I with alternative equip- tations of peak discharge with the slope-area method is
ment, thqrough documen'Fatlo_n of procedures and discussed in Office of Surface Water memorandum
observations must be maintained. 96.03 and is documented in a report by Fulford (1994).
At this time no alternative types of equipment are Procedures for the determination of peak discharge
being used to make discharge measurements at gagingrough culverts, based on a classification system which
stations in the Hawaii District. If alternative types of delineates six types of flow, is described in Bodhaine
equipment are to be used it will be the responsibility of (1982). The computer-based tool, program CAP, avail-
the Hydrologic Surveillance (Data) Section Chiefto  able to assist in computations of peak discharge at cul-
ensure that proper procedures are established to docwerts, is discussed in Office of Surface Water memo-
ment the accuracy of their operation. randum 96.04 and is documented in a report by Fulford
(1998). At sites where open-channel width contractions

_ occur, such as flow through a bridge structure, peak dis-

Indirect Measurements charge can be measured with methods described in Mat-
o _ _ _ . thai (1967) and with the Water-Surface Profile

~ Inmany situations, especially during floods, itis  computation model WSPRO (Shearman, 1990). Tech-
impossible or impractical to measure peak dischargesyjques for the determination of peak discharges at dams
by means of a current meter. There may not be suffi- 54 \veirs are described by Hulsing (1967). Debris-flow
cient warning for personnel to reach the site to make g gitions, which are most common in small mountain-

direct measurement, or physical access to the site during|,5 pasins. are discussed in Office of Surface Water
the event may not be feasible. memorandum 92.11.

~ Apeakdischarge determined by indirect methods  peterminations of water-surface profiles along a
is in many situations the best available means of definsyream channel in association with selected discharges
ing the upper portions of the stage-discharge relation af .« made when studies are performed that involve delin-
a site. Because extrapolation of a stage-discharge relaxiions of flood plains or when extensions are made to
tion, or rating, beyond twice the measured discharge akiaqe-_discharge ratings at gaging stations. District per-
a gaging station is undesirable and may be unreliable gonne| are required to follow the procedures associated
discharge measurements made by indirect methods dygji step-backwater methods described in Davidian
ing periods of high flows are important forms of data (1984). The computer-based tool used for assisting in
(Rantz and others, 1982, p. 334). the computations of water-surface profiles with step-
The District follows data-collection and computa- backwater methods, WSPRO, (Shearman, 1990) is dis-
tion procedures presented in Benson and Dalrymple cussed in Office of Surface Water memorandum 87.05.
(1967). That report includes policies and procedures An evaluation of the accuracy of step-backwater
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techniques for use in establishing stage-discharge reldigh-water marks for future analysis. Because selection
tions was made by Bailey and Ray (1966). Included inof a suitable reach of channel is an extremely important
the evaluation are useful guidelines for application of element in making an indirect measurement, at some
step-backwater modeling techniques to gaging stationsstreamflow-gaging-station sites the stream reach for
indirect measurements at specified ranges of stage has
been preselected, and that information has been

The responsibility for ensuring that indirect mea-
surements are performed correctly is held by the Dis- _ . I S
trict Surface-Water Specialist. It is required that a included in the station description and the District’s
review of procedures and documentation be performed:IOOd Plan.
by the Surface-Water Specialist for all indirect mea- After each indirect measurement is computed, the
surements and all theoretical computations used to  graphs, field notes and data, plotted profiles, maps, cal-
develop stage-discharge ratings. A memo summarizingulations or computer output, and written analysis asso-
this review will be prepared and included in the packetciated with the measurement are checked by someone
containing the documentation of the theoretical analy-other than the compiler of the data. The information is
sis. If deficiencies are found during the review, actionsorganized and secured in a measurement folder and is
necessary to remedy the situations will be identified inthen given to the District Surface-Water Specialist for
the review memao. A copy of the review memo will be final review. Once the work has been finalized each
given to the party who submitted the analysis, the indirect-measurement package is stored in file cabinets
respective Field Office or Project Chief, and the Data set aside, in each Field Office, for this purpose. It is the
Section Chief. Itis the responsibility of the Field Office responsibility of the Field Office Chief to make sure
or Project Chief to make sure that the deficiencies identhat indirect-measurement packages are properly filed.
tified are corrected. Measurements that are questionable
and difficult to assess are reviewed by the Regional 5 heay flow data files, including computer data-base
Surface-Water Specialist. The Field Office or Project goq  jias within the District (Office of Surface Water
Chief is responsible for ensuring that deficiencies iden
tified by the Regional Specialist are corrected.

The responsibility of maintaining the accuracy of

memorandum 92.10). Itis the responsibility of the Data

Management Unit (Data Base) Chief to ensure that
Determining when and where indirect measure- appropriate peak discharge computations are entered

ments are made is the responsibility of the Field Officeinto the peak-flow files. It is the responsibility of Dis-

and Project Chiefs in conjunction with the Data Sectiontrict Surface-Water Specialist to ensure that the peak-

Chief. A prioritization process has been established toflow files are correct. For further discussion on the

document which gaging stations have the greatest needpdate and review of the peak-flow files, refer to the

for indirect measurements. A prioritization code has “Data-Base Management” section in this QA Plan.

been assigned to each gaging station and they are sum-

marized in the District's Flood Plan. The prioritization

for indirect measurements was based on several factofgrest-Stage Gages

including the ability to make direct measurements at the

gaging station, the stability of the current control and Crest-stage gages are used as tools throughout the

stage-discharge rating, and when the portion of the WRD for determining peak stages at otherwise ungaged

stage-discharge rating in question was last verified. ~Sites, confirming peak stages at selected sites where

The District's Flood Plan also identifies, for each gag-ecording gages are located, confirming peak stages

ing station, which type of indirect measurement shouldWhere manometers or pressure transducers are used,
be done and where. and determining peak stages along selected stream

reaches or other locations, such as upstream and down-
stream from bridges and culverts. The OSW requires
quality-assurance procedures comparable to those used
= _ s 'at continuous-record stations for the operation of crest-
personnel traveling in the field are required to have stage gages and for the computation of annual peaks at

avallqble in their field veh_lcles materials such as na'lscrest-stage gages (Office of Surface Water memoran-
plastic markers, spray paint, wood stakes, and surveyy ,m, ag 07)

flagging that can be used to preserve the location of

Itis the responsibility of field personnel to identify
and flag high-water marks. Because the quality and
clarity of high-water marks are best soon after a flood

Collection of Stage and Streamflow Data 13



Procedures followed by this District in the opera- by regularly reviewing field notes and field data-collec-
tion of crest-stage gages are presented in Rantz and ottien procedures. When a deficiency in data-collection
ers (1982, p. 9, 77, 78). One or more gages are activities is identified, the problem is remedied by pro-
maintained at each selected site where peak water- viding oral comments and further on-the-job training as
surface elevations are required on a stream. Upstreamequired. A review of field note sheets is required annu-
and downstream gages are maintained at culverts or ally as part of the surface-water records review. Defi-
other structures where water-surface elevations are ciencies found in the content, accuracy, clarity or
required to compute flow through the structure and to thoroughness of field notes as part of the annual records
establish the resulting type of flow. review are documented in writing with copies of the
Jfomments provided to the appropriate Field Office

Chief and field technician. Training or interaction is
h Provided by the Surface-Water Specialist to remedy
Jeficiencies on an as needed basis.

Except at sites where crest-stage gages are use
only to confirm or determine peak stages, stage-
discharge relations are developed in association wit
the gage based on direct or indirect high-water measur
ments. Direct or indirect measurements of discharge, Policies and procedures for computation of peak
field observations of control conditions, or cross- discharges at crest-stage gages and associated docu-
section surveys of control structures are obtained on amentation are presented in this report in the section enti-
annual basis to verify or adjust the rating as required. tled “Processing and Analysis of Stage and Streamflow
Levels are run to the gage at regular intervals as calleBata.”
for in the District policy memo for station levels dated
January 30, 1995, or as soon as possible after significant
changes in the gage because of damage to the gage, Artificial Controls
reconstruction, or other such situation. When extremely o _ ) )
high peaks occur, an outside high-water mark to con- Artificial _controls, including brogd_—crested weirs,
firm the gage reading is found when possible, is thin-plate weirs, and flumes, are built in stream chan-
described on the note sheet, and is flagged by a durabl@els for the purpose of simplifying the procedure of

indicator so that the elevation of the high-water mark obtaining accurate records of discharge (Rantz and oth-
can be determined by |evels at a |ater date_ ers, 1982, p 12) SUCh structures serve to Stabl|lze and

. . . constrict the channel at a section, reducing the variabil-
Field observations are written on crest-stage 9809%y of the stage-discharge relation

inspection forms developed by the Hawaii District. All o )
blanks on the inspection sheet should be filled in at the ~Avrtificial controls are used at several gaging sta-
field site. If some of the entries are not applicable therfions maintained by the Hawaii District. In situations
either a dash or N.A. should be shown. When filling out Where artificial controls are installed as permanent
the inspection forms, particular emphasis should be ~Structures, it is District policy that stage-discharge rela-
given to obtaining (1) all appropriate gage readings, tions are determined primarily by direct and indirect
showing the computations used to compute the peak Measurements of discharge. Design ratings, when cali-
gage-height, (2) detailed documentation of any prob- brated by field measurements, are used tq extrapolate
lems found at the gage and any actions taken in between measurements and to extend ratings when
response to these problems, (3) documentation of corfequired. Portable weir plates and flumes are used by
trol conditions and any other factors that could have anPistrict personnel primarily to make discharge mea-
effect on the stage-discharge relationship at the gage Surement and not as gage controls. These portable
especially at culvert controls where downstream condidevices are utilized according to methods described in
tions could change and thus alter the flow type and raBuchanan and Somers (1969, p. 57) and Rantz and oth-
ing conditions, and (4) detailed observations of gage €rs (1982, p. 263).
stability and evaluations of the need for updating station Ensuring the correct design and installation of arti-
levels. ficial controls for this District is the responsibility of the
The responsibility for ensuring that correct data- Field Office or Project Chief, with technical assistance

collection procedures are used by personnel is held bjfom the Surface-Water Specialist as required. When

the Field Office Chief. This responsibility is carried out Installing an artificial control, District personnel take
into account the criteria for selecting the various types
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of controls, principles governing their design, and the Hawaii District’s highest priority during flood opera-
attributes considered to be desirable in such structuretons and that no hydrologic data are worth an unneces-
(Carter and Davidian, 1968, p. 3; Rantz and others, sary risk of life. This important point was also recently
1982, p. 15 and 348; and Kilpatrick and Schneider, emphasized in Water Resources Division memorandum
1983, p. 2 and 44). 99.32.

When field inspections of artificial controls are The Data Section Chiefis responsible for ensuring
performed, specific information pertaining to control that the flood plan includes all appropriate information,
conditions are written on the field note sheets for the including updated information. The flood plan is
purpose of assisting in analysis of the surface-water reviewed every 2 years or after significant flood events
data. These notes include (1) observations of scour oiby the Data Section Chief. A copy of the flood plan is
fill that might change conditions such as flow paths, provided to all field personnel and other District staff
velocity heads, and flow turbulence in the approach tcand management who have a role identified in the plan.
the control, (2) the condition of the control itself, such Each individual that receives a copy of the plan keeps it
as whether there is aquatic growth or debris on the corin a location where it is readily available for reference
trol or has the control been altered in any way (chips orduring a flooding condition. It is the responsibility of
cracks), and (3) observations of downstream channel the Field Office and Project Chiefs to ensure that indi-
and stage conditions, are there new factors which mighviduals that receive a copy of the plan are fully versed
cause submergence of the control or scour which mighon the content of the flood plan.
cause underflow. Regular maintenance at artificial con- During a flood, coordination of flood activities is

trols inclgde cleaning ofthe_approach sections, removaberformed by the Flood Response Coordinator. This
of aquatic growth and debris on the control, and Whenfunction is assigned to the Data Section Chief with the

feasible, repair of damage to the control. When prob- District Surface-Water Specialist as first alternate and
lems pertaining to artificial controls are encountered by, o 1o o1ulu Field Office Chief as second alternate. For

field personnel the Field Office or Project Chief should personnel that are already in the field, as well as those

be contacted. who are not, their first responsibility during flood con-
ditions is to contact their respective Field Office Chief
to inform them of any flood conditions that they are
aware of and to prepare to undertake work as assigned.
Personnel who arrive at a gaging station to find that a
flood has occurred are responsible for determining the

include difficulties in gaining access to a streamflow Magnitude of the flood peak as recorded and as docu-

gage or measuring site because roads and bridges ar8'€nted by highwater marks both inside and outside the
flooded, closed, or destroyed. Debris in the streamflowd23€- With this information available, field personnel

can damage equipment and present dangers to persoﬁhoum then contact their respective Field Office Chief

nel collecting the data. Rapidly changing stage or Con_and if they are not available, the Flood Response Coor-

ditions requiring measurements to be made at Iocationg'nator’ to determine what their next course of acﬂo_n
some distance away from the gage can create problen%ﬁould be. If such contacts are not possible then the field

in associating a gage height to a measured discharge.personnel should use the priorities identified in the
flood plan to make a determination as to what their next

~ The District maintains a flood plan so that high- gata-collection priority should be. The District person-
priority surface-water data associated with flood condine| apply methods discussed in Rantz and others (1982,

tions are collected correctly and in atimely manner. Th?_ 60) for determining peak stage at gaging stations.
flood plan describes responsibilities before, during, an

after a flood, informational-reporting procedures, and 3'_Str'Ct perzonne;l fog?w policies gnd procedgres
field-activity priorities. The flood plan serves as a cen-Stated In a number of publications and memorandums

tral reference for emergency communications, tele- when collecting surface-water data during floods. Tech-

phone numbers for key District personnel, and codes fopiques for cu(;r_ent-meter rgeaﬁurements of flood flow
accessing streamflow gages equipped with telemetry.are presented in Rantz and others (1982, p. 15910 170).

The flood plan also highlights the fact that safety is the Procedures for identifying high-water marks for

Flood Conditions

Flood conditions present problems that otherwise
do not occur on a regular basis. These problems can
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indirect discharge measurements are presented in Beone basin and those of a nearby basin for which more
son and Dalrymple (1967, p. 11). Adjustments applieddata are available (Office of Surface Water memoran-
to make measured flow hydraulically comparable withdum 85.17). The Hawaii District also operates a number
recorded gage height when discharge measurements agé low-flow partial-record and spring-discharge mea-
made a distance from the gaging station are presented gurement stations which require systematic discharge
Office of Surface Water memorandum 92.09 and in  measurements during periods of low flow.

Buchanan and Somers (1969, p. 54). It is the responsi-

bility of all personnel with questions about particular ; In rr;1any s&tuatlorr:s, low flows ?rde_ ashsomated with
procedures related to flood activities, or who recognize actors that reduce the accuracy of discharge measure-

their need for further training in any aspect of flood-data MeNts- These factors include algae growth thatimpedes
collection, to address their questions to the District Surthe free movement of current-meter buckets and larger

face-Water Specialist. Questions regarding District polPercentages of the flow moving in the narrow spaces
icies and priorities as outlined in the flood plan shouldP€étween cobbles. When natural conditions are in the

be referred to the Flood Response Coordinator. range considered by the field personnel to be undepend-
able, the cross section is physically improved for mea-
surement by removal of debris or large cobbles,
construction of dikes to reduce the amount of nonflow-
g water, or other such efforts (Buchanan and Somers,

. L . > 1969, p. 39). After modification of the cross section, the
appropriately address District requirements for Obtaln'flow is allowed to stabilize before the discharge mea-

ing flood data in a safe and thorough manner. A wide surement is initiated. Channel modifications made to

var!ety of deficiencies may be identified as p_arF Of.th'simprove a discharge-measurement section should not
review. Personnel, equipment, and funding limitations

i A ~ ._be made at locations that will alter the control condi-
should be brought to the attention of the District Chief. fi .
S ions at a recording gage.
Procedural deficiencies should be brought to the atten- o _ _ _
tion of the Field Office Chiefs. Deficiencies in the flood The individuals responsible for ensuring that Dis-

plan itself should be remedied by updating the plan. trict personnel use appropriate equipment and proce-
dures during periods of low flow are the Field Office

bef Corgm_unlcatlgn \]:twthﬂStaée and local a?entuest fand Project Chiefs. Determination that appropriate pro-
clore, durnng, and after Noods IS an important part ot . 4, a5 are used for data-collection activities during

USGS activities. The availability of the data collected low-flow conditions is accomplished by the oversight

may help prevent loss of life and property in both cur- . ie by the Field Office and Project Chiefs. In
rent and future events. As outlined in Water Resource ddition, low-flow records are reviewed each year as

D|v!3|on memorandum 2000.12, communication with art of the annual review of surface-water records. The

regional and he_adquarters USGS personnel as part og.urface-Water Specialist is responsible for providing

flood response is also necessary. answers to technical questions from District personnel
pertaining to data collection during periods of low flow.

Review of District activities related to floods is the
responsibility of the Data Section Chief. This review
includes seeing that guidelines and priorities spelled ou
in the flood plan are followed and that the guidelines

Low-Flow Conditions
Cold-Weather Conditions
Streamflow conditions encountered by District L
personnel during periods of low flow are typically quite . Surfacefwater activities n this District do not
different from those encountered during periods of 'nCI.Ude maklng streamflow-dlschg_rge measuremt_ents
medium and high flow. Low-flow discharge measure- during cold, winter-weather conditions. However it is

: . . _common for Hawaii District field personnel to work in
ments are made to define or confirm the lower portions : : . ; :
very rainy, windy, and high altitude settings. Prolonged

of stage-discharge relations for gaging stations, as part)(posure to these factors can place field personnel in

of seepage runs to identify channel gains or losses, anﬁanger of becoming hypothermic, even in Hawaii. The

to hc_al'p in the interpretation of other associated data. highest priority in collecting streamflow data under all
Additionally, low-flow measurements are made to conditions is employee safety.

define the relation between low-flow characteristics in
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PROCESSING AND ANALYSIS OF STAGE this QA Plan, in the District’s flood plan, and in written
AND STREAMFLOW DATA policy memos distributed to the responsible Field
Office Chiefs. It will the responsibility of the appropri-

The computation of streamflow records involves ate Field Office Chief to make sure that all real-time

the analysis of field observations and field measure- data stations that malfunction be repaired within the

ments, the determination of stage-discharge relations specified time frame.

adjustment and application of those relations, and sys-

tematic documentation of the methods and decisions \yep page Presentation Format

that were applied. Streamflow records are computed

and published for each gaging station annually (Rantz ~ Hawaii District real-time data are served from

and others, 1982, p. 544). computers located in Honolulu, Hawaii, maintained by

: . . ... the District. The National Water Information System

This section of the QA Plan includes descrlptlonsWeb (NWIS-W) software is used to conform to national

g];}zrgrcmzldi?:i?ggtgc;ggiigg(tja\;;;?ﬁr:: i%?nprgfa?;SAnO%SGS standards. In addition to real-time streamflow
y P ata, the District’s public Web page also contains links

streamflow data, including real-time streamflow data. to historic ground-water, surface-water, and water-use

T.ge prfiﬁ?guresdfolloy\geddpy g‘e I:awac;' Dt'ﬁ‘mCt :g'snz data, information on Hawaii District programs, publica-
cide wi ose described in Rantz and others ( ) tions, and resources, and links to Web pages of other

and in Kennedy (1983). USGS divisions (biology, geology, and mapping).
Development and revision of Web pages is the respon-
sibility of a District committee that includes representa-
tives from District Senior Staff, the Computer Section,
and Projects and Data Sections.

Processing of Real-Time Streamflow Data

A necessary and critical element in maintaining
accurate streamflow records on a real-time basis is the
need for rating analysis and shift application as soon afRkeview of Real-Time Streamflow Data
practicable after a discharge measurement has been

made. The Hawaii District's policy is that rating analy- h bli b b . df |
ses and shift applications will be performed using the on the pu 1C We_ page must be reviewe r.equ.entyto
ensure their quality and to prevent the distribution of

following procedures, for data disseminated on the pub ; _ o o
lic Web page http:/hi.water.usgs.gov/. Discharge me erroneous information. The HaV\_/au District utilizes
surements that verify continued use of the current stag -O_th al_Jtomated and manual review procedures to meet
discharge rating only infrequently require checking (see 'S OPJective.

next section on measurements and field notes). All dis- Automated procedures that have been imple-
charge measurements that indicate the need for modifnented by the Hawaii District include the setting of
cations to the current rating (temporary or otherwise) minimum and maximum threshold values for stage and
will be checked within two working days of the time  discharge. If exceeded, these settings will initiate warn-
they are made. Provisional shift adjustments, as indi- ings of potential errors that will prevent questionable
cated by the checked measurements, will be input intalata from being displayed on the Web while providing
ADAPS within five working days of the time the mea- an indication that the threshold values have been
surement is made. In this way real-time discharge dataxceeded. Itis the responsibility of the appropriate Field
being posted on the web will reflect the best estimateffice or Project Chief to respond to any automated

of the current stage-discharge rating in effect at the stavarnings. When unable to perform these functions the
tion. Field Office and Project Chiefs will designate a backup.

Real-time streamflow data that are disseminated

At the present time (March 2001) none of the real- In addition to the automated procedures, Water
time data stations being operated by the Hawaii DistrictResources Division Technical Memorandums 97.17
have specific priorities established that document howand 99.34 require frequent and on-going screening and
soon they must be returned to service in the event of aeview of Web data, including the at least daily review
disruption in their ability to furnish data to the web. As of hydrographs during normal hours of operation. The
such priorities are established they will be included in Hawaii District also requires that all Web pages
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containing real-time streamflow data are reviewed regProvisional Data Subject to Revision on all real-time
ularly for accuracy and/or missing data. The Hawaii data pages. At this time the Hawaii District provides the
District policy is that such manual reviews of real-time clickable heading for all Web pages on which data that
data on the Web will be conducted on a daily basis durhave not been through final review are displayed. No
ing normal business days. The Field Office and Projectadditional data qualification statements, indicating var-
Chiefs will be responsible for these daily reviews. Any ious levels of record revision and review, are included
malfunctions that are not corrected within one working at this time.

day should be brought to the attention of the Data Sec-

tion Chiefto determine what priority should be assigned

to correcting the problem. The Data Section Chief will Measurements and Field Notes

also spot check the real-time Web pages to ensure that

proper quality-assurance practices are being followed. ~ The gage-height information, discharge informa-
tion, control conditions, and other field observations

written by personnel onto the measurement note sheets
and other field note sheets form the basis for records

There are two general types of errors associated Computation for each gaging station. Measurements and
with streamflow data that are delivered by the real-timefield notes that contain original data are required to be
system and disseminated on the Internet. The first arestored indefinitely (Hubbard, 1992).

persistent-type problems usually associated with some  \easurements and other field notes for the water
type of equipment failure whether in data collection oryear that is currently being computed are filed in the
transmission or changes in the stage-discharge ratingcyrrent folder. Measurements and notes for previous
caused by significant changes in channel or control conyater years are filed in the back files for the gaging sta-
ditions. Because of the nature of the problem they geRjion in question. These notes are filed with the historic

erally occur on a continuing basis for more than a singlenotes only after the records have been reviewed and
recording interval. The second are the intermittent-typefina| flagged.

problems, which are often the result of a data transmis-
sion error. These often result in zero or unreasonably
large values being displayed on the Web site. Hawalii

Error Handling

It is District policy that all measurements are par-
tially checked before records for the gage in question

District Policy is that intermittent data errors will either are worked. Partial checking includes comparisons of

be deleted from the data base or edited as appropriaté?ompu_teOI af‘d recordeql gage helghts,_comparlsons of
whenever these errors cause data display graphs to bté?taI width with summations of partl_al widths, an_d scan-
rendered virtually useless because of disruptions in thd!'N9 the notes for sudden changes in gubarea d|sch.arges
scales used on the plots. When persistent-type problemtgat are not su_pported by correspondlng changes in
take place the erroneous data (stage, discharge, or botA{€as Or vek_)cmes. Complete checkl'ng of every compu-
will be removed from the Web page with appropriate t _tlon Ina dlscharge mea_surement IS done when the
gualifiers added to notify users of the problem. It is the Field Office or PrO.JeCt Chqu_determmes that one or
responsibility of the Data Chief to decide when such MOre of the following conditions are met: (1) measure-

actions should be taken. Changes to the Web page wilinent indicates a new rating or shift curve that is not

be made by personnel in the District's Computer S(:)C_consistentwith previous and subsequent measurements,
tion (2) measurement represents the only data defining a sig-

nificant portion of a rating, (3) measurement was com-

puted by field personnel in the early stages of training
Data Qualification Statements until such time as they demonstrate the ability to pro-

Water Resources Division Technical Memoran- duce correct, error-free work, and (4) measurement is

dum 95.19 requires that streamflow data made availabl&2ndomly selected by the respective Field Office or
on the Web should be considered provisional until theProiect Chief. All checks are completed by someone
formal review process has been completed. To ensur@ther than the person who computed the measurement.
that everyone who accesses data from the Web are Discharge measurements, including indirects, are
aware of this, data qualification statements must be numbered in chronological order. Summaries of perti-
included at key locations with a clickable heading nent discharge measurement and gage inspection data
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(Kennedy, 1983, p. 12) are entered into the ADAPS disextended periods (several weeks), the original charts are
charge measurement file. Paper copies of this file are sent via certified mail to the District Office in Honolulu
included with the station folder when the records for awhere the gage-height record will be digitized and
given water year are submitted for review. A copy of the stored in the appropriate data base. It is the responsibil-
discharge measurement file is added to the master filgty of field personnel who service the gaging station, to
for the station after the records for a given water year ensure that entering of the gage-height record into the
have been finalized. It is the responsibility of the persondata bases has been done properly.

who computes the records for a given station to make

sure the ADAPS discharge measurement file has been _
updated. Records and Computation

It is the general practice in the Hawaii District that

Continuous Record records are computed for each station as they are col-

lected, by the field personnel who are assigned respon-

Surface-water gage-height data are collected as sibility for servicing the particular gaging station.

continuous record (hourly, 15-minute, or 5-minute val-Records for each station are checked in detail by an
ues, for example) in the form of pen traces on graph independent person, after records for an entire water
paper, electronic information stored by data loggers, oiyear are completed. The Field Office Chief is responsi-
electronic transmissions by satellites, radios, or cellulaible for checking a sampling of the records work com-
phones. Streamflow records are computed by convertputed by each of the field personnel in the office and all
ing gage-height record to discharge record through of the records computed by field personnel who are in
application of stage-discharge relations. Ensuring the training. For new stations, before first-year records are
accuracy of gage-heightrecord is, therefore, a necessawyorked, the Field Office or Project Chief is responsible
component of ensuring the accuracy of computed dis-for obtaining the data required to establish the site files.
charges. The Data Management Chief is responsible for estab-

Gage-height record is assembled for the period ofishing all required site files in the NWIS data bases.

analysis in as complete a manner as possible. Periods of

inaccurate gage-height data are identified then cor-  Procedures for Working and Checking Records

rected (see the section “Datum corrections, gage-height . .
corrections, and shifts”) or deleted as appropriate. Itis P rocedures for ensuring the thoroughness, consis-
important to note that any such corrections or deletiond®NcY; @nd accuracy of streamflow records are described
are made as the data are processed and not to the or§ifhis section of the QA Plan. The goals, procedures,
nal data records themselves. Items included in the ~ and policies presented in this section are grouped in
assembly of gage-height record and procedures for pr@ssomatlc_)n with the separate components that are
cessing the data are discussed in Kennedy (1983, p. 7included in the records-computation process.

and Rantz and others (1982, p. 560 and 587).

Data are entered into USGS data bases by the field

personnel who collect it, at the Field Offices wherethey  Tne accuracy of surface-water discharge records
work. In rare instances when computer or other equipyepends on the accuracy of discharge measurement, the
ment failures make this approach unreasonable, the accyracy of rating definition, and the completeness and
original data are sent via certified mail to the District accuracy of the gage-height record (Office of Surface
Office in Honolulu for processing. In the Hawaii Dis-  \y/ater memorandums 93.07 and 96.05). Computation
trict, graphic recorders are frequently used in 9aging ¢ sreamflow records includes ensuring the accuracy of
stations to provide backup record. In cases where thegage-height record by comparisons of gage-height read-

primary recorder fails to operate properly, backup dataings made by use of independent reference gages, com-
from the graphic recorder are used to compute the disa
r

parison of inside and outside gages, examination of
charge record. When the use of backup graphic reco gag

. : ) _ igh-water marks, comparisons of the redundant
is required for short periods of time, the data are pro- recordings of peaks and troughs by use of maximum
cessed manually in the responsible Field Office. In

: . and minimum indicators, examination of data obtained
cases that require use of backup graphic records for

Gage Height
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at crest-stage gages, and confirmation or updating of field notes for indications that the gages were reset cor-
gage datums by levels. rectly by field personnel. It should be brought to the
Records computation includes examination of attention of the Field Office Chief when the gages are

gage-height record to determine if the record accuratelyOt COrectly resetto agree with levels. The Field Office
represents the water level of the body of water being Chief will then be responsible for ensuring that the

monitored. Additionally, it includes identifying periods €duired resetting of the gages is accomplished in a
of time during which inaccuracies have occurred and timely manner. The individual computing the records

determining the cause for those inaccuracies. When Makes appropriate adjustments to the gage-height
possible and appropriate, inaccurate gage-height recorgc0rd by applying datum corrections when necessary.
is corrected. When corrections are not possible, the COpies of level notes for the water year and updated
erroneous gage-height data are removed from the set §°Pies of the historical levels summary sheet are
data used for streamflow records computation. Manuaincluded with the records folder submitted for checking
corrections of gage-height records are made only to th@nd final review.

processed and not the original data, and all corrections

are documented in the station analysis. It is common Rating

practice for such changes to be highlighted on prelimi- , ,
nary versions of the primary computation sheets The development of the stage-discharge relation,
although this is not a requirement. Automated correc- 2SO called the rating, is one of the principal tasks in
tions to gage-height record, using procedures availabl&°mputing discharge record. The rating is usually the
in ADAPS, are stored in the data base and copies of th&€lation between gage height and discharge (simple rat-

correction tables are also included as part of the statioff’9)- Ratings for some special sites involve additional
analysis. factors such as rate of change in stage or fall in slope

] reach (complex ratings) (Kennedy, 1984, p. 26).
It is not uncommon for a gage to have more than

one means of recording data. Therefore designation of ~ District personnel follow procedures for the devel-
the primary recorder is important. The primary recorderoPment, modification, and application of ratings that are

is designated in the station analysis and data from it aré®Scribed in Kennedy (1984). District personnel also

used in the computation of records at a gaging station°!low guidelines pertaining to rating and records com-

In some instances data from the primary recorder mayPutation thatare presented in Kennedy (1983, p. 14) and
be either missing or faulty. In such cases data from a N Rantz and others (1982, Chap. 10-14 and p. 549).

secondary recorder, where available, are used to replace  For each gaging station, the most recent digital rat-
data from the primary recorder when working the ing table can be obtained in the current year’s station
records. Documentation is added to the station analysifolder or by printing a copy from the ADAPS electronic
identifying all periods of time when secondary sourcesdata base. A graphical plot of the most recent rating can
of data are used. be obtained in several locations. The master rating
curve can be found in the current year’s station folder
Levels and copies of this rating curve are in the field folder for
the station and in the appropriate gaging station. Elec-
Errors in gage-height data caused by vertical  tronic copies of the rating can also be printed from the
changes in the gage or gage-supporting structure can h8DAPS electronic data base. Use of rating plotting sub-
measured by running levels. Gages can be reset or gageutines contained in ADAPS in conjunction with the
readings can be adjusted by applying corrections basefirge format plotter, located in the computer section in
on levels (Kennedy, 1983, p. 6). the District Office, is the preferred method for plotting

Procedures for computing records for each stationfMaster rating curves.
include ensuring that the front sheet has been completed  The development of new ratings, when required, is
for each set of levels, checking levels, ensuring that thehe responsibility of the field personnel who are
level information was listed in the historical levels sum-assigned to service and work the records for a given sta-
mary, and ensuring that information was applied approtion. Itis the responsibility of the Field Office or Project
priately as datum corrections when necessary. The  Chief to check all new ratings before they are used to
individual computing the record is required to check compute final records. Besides plotting current
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discharge measurements, new master rating curves surement. This will allow consistent hydraulic

should include plots of all discharge measurements thainterpretations of the rating-curve shape to be made.
define regions of the rating that have not been recentlyOnce the high end of the rating is developed gage-
measured. This is especially appropriate for the extreméeights associated with high-flow rating-definition

high and low ends of the rating curve. When developingpoints are adjusted to equivalent inside or recorded
new ratings it is important that field data in addition to gage-heights. These adjusted gage-heights are then
discharge measurements are used in the analysis. Platsed for the final version of the rating. In this way

of the cross section of the control and knowledge gainedecorded or inside gage-height data can be used directly
from field observations, such as when the low-flow con-to compute discharge at the gage. At all gaging stations
trol drowns out or at what stage does bank overflow it is important to verify the correspondence between
begin, are invaluable when developing new ratings. It isrecorded or inside and outside gage-heights during high
important to ensure that the curve as drawn is supporteflows. This verification process is especially important
by the general hydraulic characteristics of the gaging at gages where the rating has been adjusted to account
station in question. for known differences. Changes in inside-outside gage-

Rating curves should not be extended more than height relationship will alter the rating in use.

twice the highest direct or indirect discharge measure-  Any changes to a previously defined rating, even if
ment without some type of supporting analysis. Examit is just a rating extension, are treated as new ratings
ples of high-end rating-extension techniques include and are given a new number. Currently, as many as
conveyance-slope methods, step-backwater modelingthree different offsets can be used in the development of
and critical-depth analyses. Results from rating-exten-a rating curve. Current practice is for the master rating
sion analyses should be plotted on the master rating to be plotted using the single offset found to be the most
using unigue symbols that are properly identified. appropriate by the person who is responsible for devel-
Results from rating extension analyses need to be thooping the new curve. In cases where multiple offsets are
oughly documented (following the same types of proceused, the rating segments defined by alternate offsets
dures used for indirect discharge measurements) andshould be plotted separately, either on the master curve
reviewed by the Surface-Water Specialist. Care shouldr on a worksheet attached to it. Technical questions
also be used when extending ratings at the low end. Imegarding rating curves can be addressed to the District
such cases rectilinear plotting of data using the point ofSurface-Water Specialist as required.

zero flow should be used to support such extensions.

In Hawaii, rating curves commonly have large Datum Corrections, Gage-Height Corrections,
gaps between medium-flow discharge measurements and Shifts
and high-flow |nd|_rect measurements. Whe_n evaluating A correction applied to gage-height readings to
how large a gap in rating definition is considered compensate for the effect of settlement or uplift of the

acceptable the following rule of thumb can be applied.gage is usually measured by levels and is called a
Use the adjacent dischargg values and multiply the  «q5ium correction” (Kennedy, 1983, p. 9). Datum cor-
lower value by two and divide the upper value by two. ections are applied to gage-height record in terms of
If these calculated values overlap, then the gap, in m°51tnagnitude (in feet) and in terms of when the datum
cases, is not considered to be excessive. Failure of th@hange occurred. In the absence of any evidence indi-
calculated values to overlap indicates that further ratingcating exactly when the change occurred, the change is
definition is likely required using techniques such as  555umed to have occurred gradually from the time the
those developed for rating extensions. previous levels were run, and the correction is prorated
At some gaging stations there are consistent differwith time (Rantz and others, 1982, p. 545). Datum cor-
ences between inside or recorded gage-heights and ouiections are applied when the magnitude of the vertical
side gage-heights during high flows. Once this change is greater than 0.010 feet.
relationship has been defined and shown to be consis- A correction applied to gage-height readings to

tent a rating can be developed. In such cases the high.ompensate for differences between the recording gage
end of the rating should first be developed using the outy ., the base gage is called a “gage-height correction”

side gage-heights associated with each high-flow mearant; and others, 1982, p. 563). These corrections are
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applied in the same manner as datum corrections by usehanges routinely occur because of unstable control

of the same computer software. Gage-height correc- conditions, itis bestto develop an average or base rating
tions are applied so the recorded data are made to agremd apply shifts, as necessary, from this rating. In both
with base-gage data. These corrections are applied cases Field Office personnel are most familiar with con-
when the difference between the recording gage and th&ol conditions at a given gaging station and should be
base gage is greater than 0.010 feet. Where the basethe ones to choose between a new rating or use of a
gage is affected by surging, sudden changes in stages, shift.

other factors that compromise the data, the above stan- Shifts should be defined on both variable-shift
dard can be relaxed. When field personnel determine diagrams (V-diagrams) and on work copies of the cur-
that use of less stringent crite_ria is appropr_iate, the dec}-ent rating curve. Descriptions of datum and gage-
sion should be supported by field observations recordedqjon corrections and shifts that were applied in a given
at the gaging station. For.example it might be reporte ear should be included in the station analysis for the
that the recorded gage height was 1.00 feet and the ba ater year in question.

gage reading was 1.02 +/- 0.04 feet. In such a case it

would be a reasonable decision not to apply a gage-

height correction. Hydrographs

A temporary correction applied to the stage-dis- A discharge hydrograph is a plot of daily mean dis-
charge relation, or rating, to compensate for variationgharges versus time. The date is aligned with the hori-
in the rating is called a shift. Shifts reflect the fact thatzontal axis and the discharge is aligned with the
stage-discharge relations are not permanent but vary logarithmic vertical axis. In the process of computing
from time to time, either gradually or abruptly, becausestation records, this hydrograph is a useful tool in iden-
of changes in the physical features that form the controlifying periods of erroneous information, such as incor-
at the gaging station (Rantz and others, 1982, p. 344)rect shifts or datum corrections. Additionally,

Shifts can be applied to vary in magnitude with time andhydrographs are helpful when estimating discharges for
with stage (Kennedy, 1983, p. 35). It is Hawaii District periods of undefined stage-discharge relation, such as
policy that the variable shifts program in ADAPS is to during backwater conditions, and in estimating dis-

be used to apply shifts. Shifts based on individual dis-charges for periods of missing record.

charge measurements are not required when criteria Information placed on the hydrograph for each sta-
associated with either the range of discharge measuregpn includes station name, station number, water year,
or the accuracy rating assigned to the measurement aigate the hydrograph was plotted, plot of daily mean dis-
met. Criteria associated with range of discharge are (1kharge data, plot of discharge measurements, stations
within 10 percent for discharges less than 1.0 cfs, (2) with which the hydrograph was compared, and auxil-
within 7 percent for discharges of 1.0 through 10.0 Cfs,iary data such as daily rainfall totals. On the

and (3) within 5 percent for discharges greater than 10.Gyydrograph, shifts and gage-height corrections should
cfs. Criteria associated with the accuracy rating be identified and periods of estimated record flagged.
assigned to the measurement are (1) within 5 percent forydrographs are included in the current year’s folder
measurements rated good to excellent, (2) within 8 pefyhen it is sent for review. There is no need to archive
cent for measurements rated fair, and (3) within 10 Perhydrographs after the review process is completed

cent for measurements rated poor. If the measured pecause they can be generated as needed from the
discharge does not meet criteria associated with eitheapaAPS data base.

of the above categories then a shift curve should be hi : . luabl i
applied. Where possible the existence of a shift or tem- _ Hydrographic comparison is a valuable quality-

porary change in the rating should be supported by ﬁelocontrol process which is u;ed to test the con3|stency .of
observations of the control and gage pool computed records, especially those for periods of shift-
' ing controls or gage-height corrections when conditions

Shifts are defined as temporary changes in the  gre |ess than optimal. Hydrographic comparison is also
stage-discharge rating. When discharge measuremenifsed as an aid in estimating periods of missing record.
and field observations indicate that the change in con-The general procedures and goals of hydrographic com-

trol condition has stabilized, then a new rating curve parison are outlined by Rantz and others (1982, p. 572
should be developed. Where both plus and minus rating
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and p. 575). The stations used for hydrographic compar- Furnished Records

ison are identified in the station analysis. Surface-water data collected by other agencies,

organizations, or institutions are received by this office.
Station Analysis Field personnel are provided by cooperating agencies

A complete analysis of data collected procedureson distant Pacific islands to make discharge measure-
used in processing the data, and the logic upon whichMents and service USGS g.ggi_ng _stations. These field
the computations were based is documented for eachd;‘ﬁZ ?éioliida%;?ﬁ c%i\;\ilr?ﬂoalsﬁgr% p(;rrst;rll_rlglcgorézom—
year of record for each station. The station analysis prop P

. . . : stations. These records are used in various ongoing
vides a basis for review and serves as a reference in case

. . surface-water investigations and are published in the
guestions arise about the records at some future dateannual data report.
(Rantz and others, 1982, p. 580). Topics discussed in
detail in the station analysis include equipment, hydro- ~ USGS guidelines, as outlined in Water Resources
logic conditions, gage-height record, datum correctionsPivision Memorandum 85.129, form the basis for qual-
rating, discharge, special computations, remarks, and!ty assurance procedures applied to field data collected

recommendations (Rantz and others 1982, p. 582 and?y cooperator personnel. Personnel assigned to collect

Kennedy 1983, p. 46). The station analysis is written byfield data receive training and follow techniques pro-

the field personnel working the records for a station. Vided and approved by the USGS. At least twice a year
USGS staff accompany cooperator field personnel to all

Station analyses are prepared using word procesge stations they service. During these field trips, field
ing software made available to field personnel in the procedures used to make discharge measurements and
District. Electronic copies of the analysis are used as collect stage data are reviewed, and corrections in tech-
templates for the following year's document. During nique are made as required. During these field trips
the records computation process, station analyses araUSGS personnel also make independent discharge mea-
kept with the station folder. During the review process, surements, run levels to check gage datum, and verify
both the checker and the final reviewer need to sign offgage structure, control, and channel conditions. USGS
on the analysis after their respective reviews are com-personnel also conduct theoretical computations and
pleted. It is the general practice that any changes indirect measurements as required for rating analysis.
required, based on the checking and review steps, are to

be completed by personnel working the records. In Daily Values Table
cases where differences of opinion occur, resolution _ , _ _
will be provided by the Field Office Chief. In cases With few exceptions, for each gaging station oper-

where the Field Office Chief is a party to the difference {€d Py the WRD a discharge value is determined and
of opinion, resolution will be provided by the Data Sec_stored foreach day. The dally values table generated by
tion Chief. In cases where the changes called for in the'S€ of the records-computation software represents

final review step are significant, the reviewer has the Wh?t dlschaInget vglu?s da:je_st?r:e%fqlr eacI:h daty 8|f the
option of requesting to see the records again, after thevateryear. bata inciuded in the dally vajues table are
cross checked against the final primary and manual
suggested changes are made. .
computations made for the water year to ensure correct
Upon completion of record review a copy of the data values are being stored. Daily values that are either
final station analysis is provided to the Data Base Chiefestimated or manually computed are flagged in ADAPS
for inclusion in the station master file. It is the responsi-to ensure that they do not get automatically revised each

bility of the Field Office or Project Chief to ensure that time new primary computations are done.
final copies of the analysis for each station are provided  \yhen the discharge records for a water year have

to the Data Base Chief. Each year either the Field Office, oy completely checked and reviewed and therefore

Chief or Lead Technician from each office does the  555yeq, the data are final flagged in the data base. It
final review of atleast one record from each of the otherig 16 responsibility of the Field Office or Project Chief
offices |n'the District. Such reviews foster exchange tho ensure that all data are properly flagged after they are
the best ideas from each office and encourage CONSiS§inalized. Final flagging of the data prevents any

tency of the station analyses.
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subsequent changes unless the flags are first remove&pecialist. This list includes the station numbers of all
by the Data Base Chief. Subsequent retrievals of dailythe gaging stations being operated by each Field Office
value tables from the data base will no longer have thé the District. Records for each of these stations should
“provisional data” banner printed in the heading. Therebe computed, checked, final reviewed, and published in
is no need to archive daily value tables after the reviewthe annual data report. Once a station on the list has

process is completed as they can be generated as need@@gn final reviewed, the name of the reviewer and date
from the ADAPS data base. are added next to the station number. This list is used to

track the status of records finalization, to ensure that no
individual final reviews a given station more than 2
years in arow, and to ensure that a Field Office Chief or
When records computation for the water year has.ead Technician from each office final reviews at least
been completed and the data collected and analyzed byne record from each of the other offices in the district.
District personnel have been determined to be correct
and finalized, the surface-water data for that water yeagkeyiew of Records
are published along with other data in the District's
annual data report. The annual data report is part of the ~ After streamflow records for each station have
series titled “U.S. Geological Survey Water-Data been computed and checked, records for all of the Dis-
Reports.” Information presented in the annual data  trict's gaging stations are reviewed by either a Field
report includes daily discharge values during the year,Ofﬁce Chief or Lead Technician from an independent
extremes for the year and period of record, and variou®ffice, the Surface-Water Specialist, or the Data Section
statistics. Additionally, manuscript station descriptions Chief. When selecting final reviewers, the policy is to
are presented in the annual data report. Information cor@void having the same person review records for a given
tained in the manuscript includes physical descriptionsstation more that 2 years in a row and for each Field
of the gage and basin, history of the station and data, Office to have at least one of their records reviewed by
and statements of cooperation. someone from all of the other Field Offices each year.
The goal of the review is to ensure that proper methods
were applied throughout the process of obtaining the
surface-water data and computing the record.

Manuscript and Annual Report

In preparing the annual data report for publication,
the District follows the guidelines presented in the
report, “WRD Data Reports Preparation Guide,” by
Charles E. Novak, 1985 edition. Field Office and Results from the final review are summarized in
Project Chiefs are responsible for providing the Data writing and returned with the records. The person who
Section Chief with annotated updates to the manuscript§omputed the record in question is responsible for cor-
once the data are finalized. The District's Reports Unit recting any deficiencies identified in the review. If there
updates the manuscripts and assembles all the final are a significant number of revisions, the final reviewer
pages for the report. The Data Section Chief and has the option of asking to see the records again. Copies
selected discipline specialists review the final draft of of the final review comments are kept with the station
the annual data report to ensure all required updates arf@lder. A copy of the review comments are included

the correct data are included prior to publishing. with the records for the following year so that subse-
guent data reviewers can see if suggestions for improve-

ment, provided as part of the final reviews, are being put
into action.
The Hawaii District uses two different check lists The District Surface-Water Specialist will either

to supportthe records computation process. The firstlisteyjew records or read the review summaries from other

is an outline of all the steps required to compute and e\jiewers for each of the stations. Patterns in the com-
check records in the order they should be accomplishedy,ants are indicative of training needs that may be

Each step has a blank space next to it for the initials ofg|ated to certain individuals, Field Offices, or District
the individual completing that phase of the computationp at4 section personnel in general. Where possible the

or checking process. Once the records are finalized thegiew comments should provide guidance sufficient to
summary sheet is stored in the station folder. The seCgqrrect minor deficiencies. Identified training needs

ond list is maintained by the District Surface-Water 4t are broader will be discussed with the Data Section

District Check Lists
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Chief, who will in turn establish the priorities for Responsibility for assigning the personnel for each
addressing them. crest-stage-gage station is held by the Field Office
Chief. Computations are checked by either the Field

Office Chief or Lead Technician from the office in
Crest-Stage Gages question.

Responsibility for ensuring the correct computa-

Records for crest-stage gages are computed with . ) )
ge gag P ion of annual peaks at crest-stage gages is held by field

goals and procedures similar to those for other gagingI ) X )
stations. The field notes are examined for correctnesspersonnel assigned to service the station and work the

and accuracy. Peak stages recorded by crest-stage ga ggords. Rewevy of the crest-stage gage com'pu.tatlons 'S
; . . . = performed by either the Surface-Water Specialist or the
are cross referenced with other available information

. . Data Section Chief. A written summary of the final
the dates of the peaks are determined by analyzing . .
. L review comments are returned with the records to the
available precipitation data and peak data from record-". " . : : .
originating Field Office. When incorrect actions or pro-

ing gages within the same basin or from nearby baSIn%‘edures are identified during the review, the problems
A discussion on the policies and procedures usedare remedied by the individual who worked the records.
for field aspects of collecting data at crest-stage gages iBased on the overall nature of the final review com-
included in this report in the section “Collection of ments either on-the-job or formal group training is pro-
Stage and Streamflow Data.” The discussion in this secrided. In cases where technical assistance is needed, it
tion describes the analysis and office documentation ofvill be provided by the Surface-Water Specialist.
crest-stage data. This section does not pertain to data Responsibility for updating the Peak-Flow File

collected at crest-stage gages installed solely for the .omptly after peak data have been finalized is held by
purpose of confirming peak stages at sites where  {he Data Base Chief. A current listing of annual peaks is
manometer or pressure-transducer gages are used. maintained in the station folder for review purposes
At sites where crest-stage gages are used to comOffice of Surface Water memorandum 88.07).

pute peak discharges, an initial stage-discharge relation,
Er rating, is developed for the site by dlrt_ect or indirect OEEICE SETTING

igh-water measurements. At some stations it may be
appropriate to develop the initial rating based on theo-

retical culvert or step-backwater modeling teChn'queS'mation in a systematic and organized manner increases

The initial rating s vgrifigd or ?‘deSted on the basis of efficiency and effectiveness of data-analysis and

subsequent direct or indirect high-water measurementya,_gissemination efforts. Good organization of files
For each station, a list of all measurements is mainreduces the likelihood of misplaced information; mis-

tained and each measurement is assigned a chronoloplaced data and field notes can lead to analyses based on

cal number. For each station, a graphical plot of the inadequate information, with a possible decrease in the

current rating along with each recent and high stage-digjuality of analytical results.

charge measurement is made readily available to those  Tpjs section of the QA Plan includes descriptions

who check and review the station record by keeping theyf how station folders, reference maps, levels documen-
master rating curve in the station folder. Current stationgation, and other information related to surface-water
descriptions are kept in the station folder and in the Disgata are organized and maintained. Additionally, this

trict's master file. A summary of levels are maintained section provides an overview of how work activities are
in either the station folder or in a binder with those for designed to be carried out within the office setting.

all the other crest-stage gages operated by the Field

Office. A brief station analysis is written each year

describing computation of the annual peak, identifying Work Plan

which rating was used and the type of flow condition,

describing how the dates of the peaks were determined, N the Hawaii District, Field Offices are aligned by

and when the gage datum and rating were last verifiedisland or groupings of islands. In large part the work
loads assigned to individual Field Offices are based on

Maintaining surface-water data and related infor-
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this pattern of subdivision. All of the Field Offices, there. Field personnel are encouraged to regularly take
except for the Honolulu Office, are staffed by two peopictures to document conditions at gaging stations. All
ple. As a result there is a high degree of shared work.indirect measurements and theoretical modeling study
Formal work plans are not very practical in such set- reports that are done in support of rating documentation
tings and use of an informal system where duties are are kept together in files organized by station in the
assigned verbally throughout the year are utilized. Theespective Field Offices. These reports are not sent to
Field Office Chief has the primary responsibility of  the Archives. Master files are kept for each station and
ensuring that all work assignments are shared equitablthese files are maintained by the Data Base Chief in the
and completed within deadlines established by the Dat®istrict Office. Included in the master file, in the Dis-
Section Chief. trict Office, are folders containing (1) copies of all his-
toric station descriptions, (2) all memoranda and
correspondence, including right-of-entry agreements,
File Folders for Surface-Water Stations permits, and safety related documents such as job haz-
ard analyses, (3) discharge measurement listings,
This section of the QA Plan describes the Iocation(4) station analyses, (5) rating tables, (6) original rating
and makeup of hard-copy files associated with surfacqyrves, and (7) copies of any special reviews or studies

water data. Information pertaining to files maintained in that resulted in significant revisions to previously pub-
computer storage can be found in the “Data-base Mangshed data.

agement” section of this report. : , : : L
g P Field Office Chiefs are responsible for maintaining

_For each gaging station, a separate set of file foldy)| of the office files. In addition they are responsible for
ers is maintained. These folders are referred to as Sta“o'rémoving unnecessary items from the current station
folders and they are grouped initially by water year andfg|ders when the records have been finalized and pub-
downstream order number. These folders contain all th§shed and moving the remaining information to the
information that has been collected or processed in a packfiles. The Field Office Chiefis also responsible for

given year for a station along with the current versionssending all required information to the Data Base Chief
of station descriptions, rating curves, and rating tablesfqr inclusion in the District master files.

When all records for a given water year have been
finalized, the station folders are reorganized and moved ,
to the backfiles where the station folders are grouped by 1€!d-Trip Folders
station and downstream order number. Before the sta- , o
tion folders are moved, all discharge measurements and A separate f|elo! folder should be maintained fqr
inspection notes are placed in files with those previ- each _statlon. The primary purpose Of these fqlders IS to
ously made at that station. Measurement and inspectiofi®™P/le maps, station descriptions, information from

note files are arranged by station and downstream orddFcent gage visits, copies of c_urrent ratings and Sh'ﬂ.
number. In addition all extraneous items are removed ¢Y'VeS, COPIES of control section plots and other perti-

and the current versions of the station descriptions, rafient information, allowing field personnel to run the

ing curves, and rating tables are placed in the station IPS fféctively at a moment's notice and with a mini-

folders for the water year in progress. It is the responsil"um Of time spent on last-minute preparations. The

bility of the Field Office Chiefs to send all station fold- 11€/d personnel responsible for each station are to keep

ers and discharge measurement and inspection notest € fiéld-trip folders current.

that are more than 5 years old to the National Archives.
This activity should be coordinated with the Data Sec-
tion Chief to ensure that the index of all records sent to
the archives, which is maintained in the District Office,
is properly updated.

Levels

Level notes are kept in the current station folders
until such time as those records are finalized and the
In addition to the current and backfile station fold- folder is moved to the backfile. All station level notes
ers, the Hawaii District maintains several other types ofare then filed together, chronologically by station. A
files for each station. Picture files are kept for each stasummary of levels and their results are kept for all
tion and all historic pictures related to the gage are kepfctive stations. The summaries are filed by downstream
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order number in a separate folder or can be kept with thé-ield Office keeps working copies of topographic maps
station folder. for the islands on which they work. The Data Base
Chief maintains a set of maps on which the locations
and drainage basins of all gaging stations that have been
Station Descriptions operated in the district are shown. These maps are then
. o _ _ used to determine drainage areas for the gages. These
Station descriptions provide a location where  maps and the information added to them are considered
knowledge gained during the operation of a gaging stag pe original data. As such no erasures should be made
tion is summarized. Copies of the station descriptions on them and the addition of new information should be

are kept in the current station and field folders that  made only with the approval of the Data Base Chief.
reside in the Field Offices. Copies of all the historic ver-

sions of the station description are kept in the District’s
master file. It is the responsibility of the Field Office  Archiving
Chief to ensure that copies of updated station descrip-
tions are sent to the Data Base Chief so thatthey can be  All WRD personnel are directed to safeguard all
added to the master files. Field personnel who operate ariginal field records containing geologic, hydrogeo-
gaging station are responsible for updating the descripegic and hydrologic measurements, and observations.
tions as new information is available. At a minimum, Hawaii District policy on archiving original unit-
updates will take place each time new station levels arevalues of gage height that are collected electronically, is
done. The current status of station descriptions are  outlined in a District memorandum dated April 3, 1998.
determined annually as part of the final records review.Selected material not maintained in Field Offices are
Deficiencies noted as part of the review will be summa-placed in archival storage. Detailed information on
rized in the review memo that is returned with the what records have been removed to archival centers
records. should be retained in the District or Project Office
(Water Resources Division memorandum 77.83). The
types of original data that should be archived include,
Discontinued Stations but are not limited to, recorder charts and tapes, original
data and edited data, observer’'s notes and readings, sta-
At this time no special procedures are followed  tjon descriptions, analyses, and other supporting infor-
with regard to the files for discontinued stations. After mation (Water Resources Division memorandum 92.59
a station is discontinued the backfiles, master files, gng Hubbard, 1992, p. 12). At this time there is an
measurement and inspection, levels and photograph agreement between WRD and the Federal Records Cen-
files are still maintained in the Field and District ters (FRC) of the National Archives and Records
Offices. These files will subsequently be sent to the  aAdministration to archive original-data records (memo-

National Archives during the next archiving cycle (see randum from the Chief, Branch of Operational Support,
section on “Archiving” below). A notice that the station \jay 7, 1993).

has been discontinued is added to the station manuscript

in the annual data report when the last data collected forh |_|Surfa"cg.vvajter informgtion iIS sentto éhe FRC_]I‘_rr(])m
the station are published. A notice of discontinuance the awall |stzptfe}pprOX|mat_e Iy ?very years. h €
should also be added to the station master file. Data Section Chief is responsible for deciding what

information is sent to the FRC, for ensuring that the

information is properly packed and logged, and for
Map Files ascertaining that the information is received by the

FRC. Records of exactly what has been archived are

The District’s Reports Unit maintains a map file maintained by the Data Base Chief in paper files in the

that contains unused copies of topographic maps for th®istrict Office. Personnel who have questions concern-
entire area in which the Hawaii District operates. Theseng archiving procedures should address their questions
maps are filed alphabetically by island in file drawers to the Data Section Chief. Personnel who receive
that are located in the District Office. These maps arerequests for information that require accessing archived
available for use by district personnel. In addition eachrecords should submit their request, with supportive
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justification, through their supervisor to the attention of cedures presented in three publications from the series
the Data Base Chief. The Data Base Chief will coordi-“Techniques of Water-Resources Investigations of the
nate all requests and track the status of the requestedU.S. Geological Survey” (TWRI):

recordls once they arﬁ_lref:el\t/]ed to ensure th?t_ they Iare Book 3, Chapter C1--"Fluvial Sediment Concepts”
properly protected while in the District and ultimately by H.P. Guy (1970),

properly returned to the FRC. _
Book 3, Chapter C2--"Field Methods for Measure-

ment of Fluvial Sediment” by T.K. Edwards and G.D.
Communication of New Methods and Current Glysson (2000),

Procedures Book 3, Chapter C3--"Computation of Fluvial-

Sediment Discharge” by George Porterfield (1972).
The responsibility to keep current on new methods ge" by g ( )

and current procedures lies with the individual. Perti- A summary of memorandums issued since 1971
nent information from headquarters, in the form of related to sediment and sediment transport is provided
memorandums from the Water Resources Division andn Office of Surface Water memorandum 92.08. A sum-
the Office of Surface Water, are now provided electron/mary of documentation that describes instrumentation
ically to all employees in the District. Informationin the @nd field methods for collecting sediment data is pro-
form of District memos and reports (such as this Qualityvided in Office of Surface Water memorandum 93.01.
Assurance Plan) are also made available to all employ® compilation of memorandums and other materials
ees. To further the communication process, the Data concerning office procedures for sediment records is
Section and Project Section Chiefs hold regular meet-Provided in Office of Surface Water memorandum
ings with their staffs to discuss, among other topics, 94.-04.

new developments. The District also maintains an in-

depth process of data and project reviews, through i

which discussions of new methods and procedures tak§2MPling Procedures

lace. L .
P District personnel collect suspended-sediment data

The format of this Quality Assurance Plan was by using sampling methods that include the single ver-
established to facilitate regular updates as new methodgcal method, the Equal Discharge Increment (EDI)
are introduced and current procedures change. The method, the Equal Width Increment (EW!) method, and
Hawaii District also supports a Surface-Water Specialthe point-sample method. When field conditions permit,
ist who is responsible for providing support to District 3 second sample will be taken at the same stage and
employees regarding technical issues. within 5 minutes of the first sample. This second sample
is used to provide a measure of quality assurance for
both field and laboratory procedures. Automatic
pumping-type samplers are used by the Hawaii District.
For installation and use of automatic pumping-type
samplers, the District follows the criteria described in
Edwards and Glysson (2000). Some specific policies

COLLECTION OF SEDIMENT DATA

Surface-water activities in the District include the
collection, analysis, and publication of sediment data.

The District operates in adherence to policies related tc}orthe operation of daily sediment stations are (1) sam-

sediment set forth by the OSW. ples will be collected at least once a day, except during
Responsibility for the sediment discipline was  periods of base flow, (2) during storms, samples will be
transferred from the Office of Water Quality (OWQ) to collected at intervals of 90 minutes or less, (3) samples
the OSW in 1985 (Office of Surface Water memoran- will be obtained as nearly as possible for the entire
dum 92.08). The policies and procedures related to sedange of flow measured during each year, and (4) a min-
iment followed by the District are described in selectedimum of 6 EWI or EDI samples will be collected each
WRD publications and in memorandums issued by year for computation of box coefficients.
OSW, OWQ, and WRD. Techniques adopted by the
USGS and followed by this District are presented in
Knott and others (1992). The District also follows pro-

Field methods for sediment sampling are docu-
mented in Office of Surface Water memorandum 93.01.
Water samples obtained for the analysis of sediment
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concentration and particle size are not composited  the responsibility of the Field Office or Project Chief to
(Office of Surface Water memorandum 93.01 and ensure that appropriate equipment is used at all sam-
Office of Water Quality memorandum 76.17). For pling sites. Sampling equipment is selected based on the
samples that are split, the cone splitter is used (Office otonstituents that are being investigated, the type of anal-
Water Quality memorandum 80.17). yses that are to be performed, and site conditions,

The individual in the District responsible for including velocity and maximum depth of water. The

scheduling sediment-collection activities at specific :_District :OHOWS gquip?_ent—(il(esigfn criteria and guide-
sites is the Field Office or Project Chief. The individual Ines referenced in Office of Surface Water memoran-

responsible for ensuring that District personnel use corf—]Ium 93.01.

rect procedures to collect sediment data is the Data Sec-
tion Chief. This individual establishes whether or not Sample Handling and Storage
correct procedures are being used by scheduling trips to

field sites with responsible field personnel and by . )
oo o . : ment laboratory is affected by the quality of the samples
reviewing results of their field work in the office. received from the field (Knott and others, 1992, p. 2).

Answers to questions from District personnel Concern_District ersonnel are required to prepare sample labels
ing sediment-sampling techniques are provided by the - P . 9 prep P '
: : analysis instructions, and sample documentation
Data Section Chief. . - :
according to guidelines presented in Knott and others

(1992).

Prior to when sample containers are obtained for

District personnel are required to fill a field inspec- use on field trips, they are stored in covered crates in the
tion sheet specific to sediment work, each time a site ig-ield Office. During field trips and prior to use, sample
visited for sediment sampling. The employee completesontainers are sealed and stored in covered crates in the
the note sheet in its entirety before leaving the site. field vehicle or gaging station. Once the containers have
Original observations written on the note sheets are nobeen filled with sediment samples, the samples are
to be erased; data are corrected by crossing out the origtored for the remainder of the day in protected carrying
inal observations and writing the correct information containers. By the end of the day, samples are taken to
near the original value. The goal of placing information the District's laboratory for storage until analyses are
on the field note sheet is to describe the equipment andun. Prior to analysis, samples are stored for a minimum
methods used during the site visit as well as to describ®f 10 days to allow sediment to settle. During this time
relevant conditions or changes (Office of Surface Watersamples are kept in darkness to inhibit algal growth.
memorandum 91.15). For each site visit, information
included on the note sheet should include those dis-
cussed in OSW memorandum 91.15. High-Flow Conditions

Upon completion of each field trip, field notes are High-flow conditions at most streams, unless the

placed in the current folder for the station. Field NOtes ¢t aams are subject to the effects of backwater, are asso-
are checked as part of field trip reviews conducted by 504 with high-energy conditions. The sediment load
the_FleId Office or Project Chlef_and as partofthe 54 particle sizes associated with high flows are signif-
review process for results of sediment records COMpUtgz o tactors in sediment studies performed by the Dis-
tion. trict. To ensure that field personnel are aware of their
responsibilities in obtaining sediment samples at appro-
Equipment priate sites during high-flow conditions, these points are
emphasized in written comments provided each year as
part of the final records review. The individual respon-
sible for ensuring that sediment samples are obtained

Flizrr?s?2ella?:zsr;lgenne'}[da':wodOrge:il:eo;h deafne;”gggt itiatrlr?grslt. Iduring opportunities provided by high-flow conditions
P P 9 quip Bre the field personnel assigned responsibility for the

accomphshed. Ipy field personnel. Equ|pment'adequa.c36peration of the station in question. The individual
should be verified as part of annual data reviews. It is

The quality of sediment data provided by a sedi-

Field Notes

Care and maintenance of the sediment-data-
collection equipment is the responsibility of the field
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responsible for ensuring that the proper sampling equiption (Office of Surface Water memorandum 91.15). The
ment and methods are used during high-flow conditionsDistrict follows the considerations and guidelines pre-
is the Field Office or Project Chief. The Data Section sented in Porterfield (1972), Guy (1969), and Office of
Chief is responsible for providing answers to District Surface Water memorandum 91.15in carrying out these
personnel who have questions concerning high-flow four steps. The Hawaii District also has suggested pro-
sampling equipment or sampling procedures. cedures for computation of suspended-sediment records
that were written for the H-3 project and summarized in

an informal document dated January 28, 1994.

Site Documentation .
Sediment records are generally worked at the com-

A station description is prepared for each new SecIpletion of the wate_r year. The field_ personnel assigned
iment-sampling site. At sampling sites where stream- to operat(_e the station are re_sp9n3|ble for the records
flow-gaging activities occur, the description of computation. The Hawaii District currently uses the

sediment activities is included in the streamflow-gag- comp;te[r?]rogram SlEDCALrC]: tokcgrgput_ehsedlhmel?_t »
ing-station description. A list of elements included in €C0rds. 1Ne€se resu ts are checked by either the Fie

each station description, along with an explanation of OIF'?Cehor Pr((;!ectChlef. T:e Data Sec(:jtlon ih'ef rexews
what items are included with each element, is presented' ©f the sediment records computed each year. As part

in the attachment to Office of Surface Water memoran®' th€ réview, written comments are provided so that
dum 91.15. At sites where sediment samples are col- those vv_h_o wqued and checked the records can correct
lected but other streamflow data are not collected, the?nY deficiencies found.

station descriptions are structured similarly to those for The responsibility for ensuring that appropriate
streamflow-gaging stations, and contain similar infor- procedures are correctly applied in processing sediment
mational items (Kennedy, 1983, p. 2). At sampling sitesdata is held by the field personnel who work the records.
where gage houses have been installed, station descripuring the time the sediment data are being processed
tions are kept in the gage house for the purpose of prder the year, field notes and work sheets for each site are
viding field personnel with information pertinentto  maintained in the current station folder. After the record
sediment-sampling procedures for that particular site. has been completed, field notes are placed in station
Station descriptions are included in the field folder andspecific field-note files chronologically by station num-
are maintained in the office files. Each description  ber. Work sheets are maintained with the station folder
includes specific information explaining where the site in the backfiles.

samples are to be taken and what method is to be used.

The responsibility of ensuring that field copies of Sediment Laboratory
station descriptions located at gage houses are kept cur-
rent is held by field personnel assigned to service the A sediment laboratory is not operated in this
station in question. Station descriptions are kept currenpyictrict.
by field personnel and are reviewed to ensure that they
are current by the Field Office or Project Chief and by
the Data Section Chief as part of the annual records Sediment Station Analysis

review. When a deficiency is identified during the A sediment station analysis is written for each sed-
review of station descriptions, the deficiency is cor-  jment station operated by the District each water year.
rected by the responsible field personnel. The sediment station analysis is a summary of the sedi-
ment activities at the station for a given year. The anal-
PROCESSING AND ANALYSIS OF ysis describes the coverage of sampling, the types of

samples and sampling, changes that might affect sedi-
ment transport or the record, and the methods and rea-
rr§_oning used to compute the record. Information

piled to produce sediment records for specific sites. included in the sediment station analysis is presented in

Data processing of periodic measurements consists Ofeg;g\:\?:rgchanmsgpei;ﬁ; L::Pr c:rrlla:r@zggle(:i(s:hingdtgeuac
four steps: tabulation, evaluation, editing, and verifica- y quacy

SEDIMENT DATA

Sediment and associated streamflow data are co
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of the activities in defining the record and in accom- nel. The final reviewer provides a written memo sum-
plishing the objectives defined for the station (Office of marizing the findings of his overview of the field work,
Surface Water memorandum 91.15). office computations, and data bases.

Elements included in each sediment station analy-
sis are listed in Office qf _Surface Water memorandumDA.l-A_BASE MANAGEMENT
91.15 along with descriptions of the elements and
examples. Station analyses, after they have received
final review by the Data Section Chief, are filed in the
station folders. A copy of the final station analysis is
also stored in the station master file.

Surface-water data including recorded unit values
of stage and computed daily values of stage and dis-
charge are stored in electronic data bases maintained in
the District Office. In addition to the above, electronic
copies of discharge measurement information, rating
and shift curves, datum and gage-height corrections,
station header and basin characteristics, and annual
The end products of sediment computations and peak flow data are stored in the same data bases. Hard

analyses are mean concentrations of suspended sediCoPY files are also maintained for the original recorded

ment. For stations where water discharge records areSt2g€ data, discharge measurements, level notes, theo-
available, computations also include total suspended-'€tical computations, photographs, computations by

sediment discharge expressed in tons per day. It is th&tation and water year, and master files which contain
primary responsibility of the field personnel who col- PaPEr copy summaries of the most significant data for

lected and analyzed the data to ensure the quality of th§2ch station.
data. Secondary responsibility lies with the Field Office The Field Office and Project Chiefs are responsi-
or Project Chief who checks the data and the Data Seble for all of the paper files that are maintained in each
tion Chief who provides the final reviews. Sediment of the individual offices. One exception are the master
data are published in the District’'s annual data reportdiles, which are overseen by the Data Base Chief. All
following documented publication guidelines (Novak, electronic files are maintained under the direction of the
1985 and Office of Surface Water memorandum 91.15)Data Base Chief. Initial input of the field data and
ensuring that the data are entered correctly is the
responsibility of the field personnel. The checking and
Sediment Data Storage review process is intended to quality control this system
. ) _ o _ and ensure the accuracy of the electronic data. Once
Initially, sediment data reside primarily on field  these data are finalized in the data base changes can
note sheets and laboratory analysis forms. Paper filespnly be made through the Data Base Chief. The Data
are |n|t|aIIy stored in the station folders. Ultimately, as Base Chief oversees the entry of data into station
these data are processed and computations are com-header, basin characteristics, and peak-flow files.
pleted, daily values of mean sediment concentration and

suspended-sediment discharge are entered into elec-
tronic data bases. The field personnel who computes thE UBLICATION OF SURFACE-WATER DATA

record is responsible for the entry of this data into the _
data bases. The Hawaii District uses SEDCALC to The act of Congress (Organic Act) that created the
maintain electronic files of sediment concentration Y-S Geological Survey in 1879 established the Sur-

data. Concentration data for samples collected by auty€Y'S obligation to make public the results of its inves-

matic samplers are not logged into the QWDATA data fi9ations and research and to perform, on a continuing,
base but all EWI and EDI results are. The Field Officesystematic, and scientific basis, the investigation of the
. e : L geologic structure, mineral resources and products of
or _Prolect Chief is responsible for checking the computhe National domain (U.S. Geological Survey, 1986,
tations and entry of the data. The Data Section Chief - ) T o

provides a final review of the data. When errors are p. 4). Fulfilling this obligation includes the publication

detected in the checking process. the erors are erbaIIOf surface-water data and the interpretive information
! angp ' : arev derived from the analyses of surface-water data.
brought to the attention of the responsible field person-

Sediment Analysis Results
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Publication Policy Selected Papers in the Hydrologic Sciences (U.S. Geo-
logical Survey, 1986, p. 42). Publications in the infor-

The USGS and WRD have created specific poli- mal series include the Water-Resources Investigations

cies pertaining to publication of data and interpretationReport, the Open-File Report, and the Administrative

of those data. All WRD personnel, including those of Report (U.S. Geological Survey, 1986, p. 52). Included

this District, are required to abide by those policies. Ain the Open-File Report series are data reports. Surface-

brief summary of goals, procedures, and policies are water data collected by the Hawaii District are pub-

presented in U.S. Geological Survey (1986, p. 4-37). lished each year in a hydrologic data report that belongs

All information obtained through investigations 0 the annual series titled "U.S. Geological Survey

and observations by the staff of the USGS or by its conYV/ater-Data Reports.” Factors considered by the Dis-
tractors must be held confidential and not be disclosediCt when deciding which form of publication should be
to others until the information is made available to all, Utilized in presenting various types of information are
impartially and simultaneously, through Director- presented in Green (1991, p. 14).

approved formal publication or other means of public
release, except to the extent that such release is manheview Process
dated by law (U.S. Geological Survey, 1986, p. 14).

With the approval of the Director or an approved desig- Procedures for publication and requirements for
nee, hydrologic measurements resulting from observar-nanuscrilot review by WRD are summarized in U.S
tions and laboratory analyses, after they have been . e o
reviewed for accurgcy byydesignated WyRD personnel C_Seologlcal Suryey (1991, p.36_—41). This District ful-
have been excluded from the requirements to hold fills those requirements for review and approval of

. . : . ) . reports prior to printing and distribution. All reports
unpublished information confidential (U.S. Geological written by USGS scientists in connection with their
Survey, 1986, p. 15).

official duties must be approved by the originating

All interpretive writings in which the USGS has a Division and the Director or an approved designee. At
proprietary interest, including abstracts, letters to the |east two technical reviews of each report are required
editor, and all writings that show the author's title and by WRD (U.S. Geological Survey, 1991, p. 36). Com-
USGS affiliation, must be approved by the Director or petent and thorough editorial and technical review is the
an approved designee before release for publication. most certain way to improve and assure the high quality
The objectives of the Director's review are to final-  of the final report (Moore and others, 1990, p. 24). Prin-
check the technical quality of the writing and to make ciples of editorial review and responsibilities of review-
certain that it meets USGS publication standards and igrs and authors are presented in Moore and others
consistent with policies of the USGS and Department 0f(1990, p. 24—-49). Open-File Reports are not required to
the Interior. Director's approval ensures that (1) each receive editorial review, but are reviewed for policy and
publication or writing is impartial and objective, (2) has reproducibility (U.S. Geological Survey, 1991, p. 36).
conclusions that do not compromise the USGS's official
position, (3) does not take an unwarranted advocacy train
position, and (4) does not criticize or compete with
other governmental agencies or the private sector (U.
Geological Survey, 1991, p. 10).

All data in the annual data report are computed by
ed and competent field personnel who collect the
ata. All data collected and computed are checked and
en reviewed by independent parties to ensure the
quality of the work. Manuscripts for each data station
are annotated and checked as part of the review process.
The Reports Unit updates all the electronic files associ-
ated with the annual data report based on information

Various types of book publications released by thesubmitt_ed from the above review process. When copies
USGS are available in which surface-water data and Of the final report are completed they are given to the
data analyses are presented. Publications of the form&ata Section Chief to coordinate the final review. The

series include the Water-Supply Paper, the Professiondp@ta Section Chief and appropriate discipline specialist
Paper, the Bulletin, the Circular, the Techniques of in the District will review the report, checking all data

Water-Resources Investigations, Special Reports, and@des and updated manuscripts to ensure that the proper

Types of Publications
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updates and data have been entered. Once this process Personnel who have questions or concerns pertain-
has been completed the final product is routed from théng to safety, or who have suggestions for improving
Data Section Chief through the District Chief for publi- some aspects of safety, direct those questions, concerns,
cation. At the present time the annual data reports forand suggestions to their supervisors or either of the Co-
Hawaii are available in paper copy and on the District’s Safety Officers. The Co-Safety Officers report directly
web page at http://hi.water.usgs.gov/pubs/online.htmlto the District Chief.

SAFETY TRAINING

Performing work activities in a manner that Ensuring that personnel obtain knowledge of cor-
ensures the safety of personnel and others is of the higlhect methods and procedures is a vital aspect of main-
est priority for the USGS and the Hawaii District. taining the quality of surface-water data and data

Beyond the obvious negative impact that unsafe condanalysis. By providing appropriate training to person-
tions can have on personnel, such as accidents and peel, the District increases the quality of work and elim-
sonal injuries, they also can have a direct effect on thenates the source of many potential errors.

guality of surface-water data and data analysis and

employe_e mprale. For exa_mple, errors may be mgde through the ongoing performance appraisal process. All
when an individual’s attention to deta!l is compromlsed employees are encouraged to take an active role in map-
when dangerous conditions create dlstracpons. So thaﬁing out appropriate plans for their respective positions.
personnel are aware of, and follow, established proceg,1qvees are encouraged to seek out formal training
dures and policies that promote all aspects of safety, th%pportunities provided through the USGS as well as
District communicates information and directives through local schools and businesses. The ongoing
related to safgty to all personnel through regqlarly review of data collection and records-computation pro-
scheduled training c_:Iassgs_, memorandums, videotapegy ssag often points out individual or shared needs and
and posters. Specm(_: policies an_d proced_ures relateq Qeaknesses that require training. In such cases the Field
safety can be found in the materials provided to all Dis-g¢fiee and Project Chiefs, the Surface-Water Specialist,
trict personnel. Itis the_ responsibility of each emplpyeeOr the Data Section Chief may suggest specific pro-

to keep cgrrent, work In a safe manner, and to bring tcbrams. In the Hawaii District an emphasis is placed of
the attention of SUPETVISOrs any safety concerns they e y1e of a variety of training opportunities ranging
may have so that corrective actions can be undertakenq, on-the-job training, to in-house training classes, to

The positive attitudes of Hawaii District manage- formal training classes at offsite locations like the
ment toward safety related issues is of paramount ~ USGS National Training Center.
importance. In support of safety the District has desig-
nated Co-Safety Officers. The Safety Officer's duties
include tracking and coordination of all routine and SUMMARY
required safety training, keeping current on safety o S
issues and disseminating appropriate materials and Information included in this District Surface-
memorandums to appropriate District personnel. The Water Quality-Assurance Plan documents the policies
Safety Officers are also responsible for keeping District2nd procedures of the Hawaii District that ensure high
management appraised of potentially unsafe condition§u@lity in the collection, processing, storage, analysis,
and practices that exist so that corrective actions can b@"d publication of surface-water data. Specific types of
initiated as appropriate. In addition to the Safety Offic-Surface-water data discussed in this report include
ers, the District also maintains a safety committee  Stage, streamflow, sediment, and basin characteristics.
which meets as a group to discuss safety issues and The r.oles and responglpllltles of District personnel for
develop recommendations for action. The committee C&ying out these policies and procedures are pre-

includes the Co-Safety Officers and representatives of€Nted, as are issues related to management of the com-
Data and Project Sections and District management. PUter data base and issues related to employee safety
and training.

Training needs of District personnel are identified
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Flood Plan for Hawaii, 1999
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Records Computation, H-3 Project, January 28,
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Appendix 1. U.S. Geological Survey Memorandums Cited 35



	Open-File Report 01-75
	Contents

	Surface Water Quality-Assurance Plan for the Hawaii District of the U.S. Geological Survey
	Abstract
	Introduction
	Responsibilities
	Collection of Stage and Streamflow Data
	Gage Installation and Maintenance
	Measurement of Stage
	Gage Documents
	Levels
	Site Documentation
	Station Descriptions
	Photographs

	Direct Measurements
	Field Notes
	Acceptable Equipment
	Alternative Equipment

	Indirect Measurements
	Crest-Stage Gages
	Artificial Controls
	Flood Conditions
	Low-Flow Conditions
	Cold-Weather Conditions


	Processing and Analysis of Stage and Streamflow Data
	Processing of Real-Time Streamflow Data
	Web Page Presentation Format
	Review of Real-Time Streamflow Data
	Error Handling
	Data Qualification Statements

	Measurements and Field Notes
	Continuous Record
	Records and Computation
	Procedures for Working and Checking Records
	Gage Height
	Levels
	Rating
	Datum Corrections, Gage-Height Corrections, and Shifts
	Hydrographs
	Station Analysis
	Furnished Records
	Daily Values Table
	Manuscript and Annual Report

	District Check Lists
	Review of Records

	Crest-Stage Gages

	Office Setting
	Work Plan
	File Folders for Surface-Water Stations
	Field-Trip Folders
	Levels
	Station Descriptions
	Discontinued Stations
	Map Files
	Archiving
	Communication of New Methods and Current Procedures

	Collection of Sediment Data
	Sampling Procedures
	Field Notes
	Equipment
	Sample Handling and Storage

	High-Flow Conditions
	Site Documentation

	Processing and Analysis of Sediment Data
	Sediment Laboratory
	Sediment Station Analysis

	Sediment Analysis Results
	Sediment Data Storage

	Data-Base Management
	Publication of Surface-Water Data
	Publication Policy
	Types of Publications
	Review Process

	Safety
	Training
	Summary
	References Cited
	Appendix 1. U.S. Geological Survey Memorandums Cited
	Appendix 2. District Memorandums Cited


