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INTRODUCTION

Various forms of nitrogen and phosphorus are plant nutrients, both naturally occurring and
manmade, that can threaten water resources. Nutrients that run off or infiltrate through the soil profile
can result in unfishable and unswimmable streams, lakes, and estuaries, and unsafe surface and ground
water used for drinking. High concentrations of nitrate in drinking water are a threat to young infants,
and surface waters can suffer from algal blooms, fish kills, and unpalatable and unsafe water for
swimming and drinking. Nutrients are also added to watersheds via chemigation.

This guide recommends a process for developing and implementing monitoring projects for
nutrients in a watershed. It follows Guide D 5851 with more specifics applicable to watersheds and
nutrients. These guidelines are presented for use in the nationwide strategy for monitoring developed
by the Intergovernmental Task Force on Monitoring (ITFM). The nationwide monitoring strategy is
an effort to improve the technical aspects of water monitoring to support sound water quality
decision-making. It is needed to integrate monitoring activities more effectively and economically to
achieve a better return of investments in monitoring projétxg

Guide D 6145 is offered as a guide for monitoring actual and potential nonpoint and point source
pollution within a watershed. The guide is applicable to surface water and ground water resources,
recognizing the need for a comprehensive understanding of naturally occurring and manmade impacts
to the entire watershed hydrologic system.

1. Scope species of phosphorus include total, total dissolved, organic,
1.1 Purpose—This guide is intended to provide general acid-hydrolyzable, and reactive phosph_orus as described] in (

guidance on a watershed monitoring program directed toward 1.4 Safety—Health and safety practices developed for a

the plant nutrients nitrogen and phosphorus. The guide offers Rroject may need to consider the following: _

series of general steps without setting forth a specific course of 1.4.1 During the construction of sampling stations:

action. It gives assistance for developing a monitoring program 1.4.1.1 Drilling practices during monitoring well installa-

but not a program for implementing measures to improve watefons, . ) )

quality. 1.4.1.2 Overhead and underground utilities during monitor-

1.2 This guide applies to waters found in streams and riverdnd well drilling, _ . .
lakes, ponds, and reservoirs; estuaries; wetlands; the atm_o-1-4-1-_3 Traffic patterns/concerns during sampling station
sphere; and the vadose and subsurface saturated zones (incliigtallation,

ing aquifers). This guide does not apply to nutrients found in 1.4.1.4 Traffic patterns/concerns during surveying sampling
soils, plants, or animals. station locations and elevations,

nitrogen and phosphorus in dissolved, gaseous, and particuld@tilizers, and o _ .
forms. Specific species of nitrogen include: nitrate, nitrite, 1-4-1.6 Installing monitoring equipment below the soil sur-

ammonia, organic, total Kjeldahl, and nitrous oxide. Theface. _ _
1.4.2 During the collection of water samples:
- 1.4.2.1 Using acids for sample preservation,
* This guide is under the jurisdiction of ASTM Committee D19 on Water and is ~ 1.4.2.2 Sampling during flooding events and ice conditions,
the direct responsibility of Subcommittee D19.02 on General Specifications, 1 4 2.3 Traffic on bridges

Technical Resources, and Statistical Methods. " . . .
Current edition approved June 10, 1997. Published October 1997. 1.4.2.4 Condition of sampllng stations foIIowmg flood
2The boldface numbers given in parentheses refer to a list of references at tfRVENts,

end of this standard.
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1.4.2.5 Sampling of water or soils, or both, highly contami- 3.2.3 nonpoint pollutior—a condition of water within a

nated with fertilizers, water body caused by the presence of undesirable materials
1.4.2.6 Conditions of sampling stations resulting from van-from diffuse locations with no particular point of origin.

dalism, 3.2.4 vandose zonethe zone of soil located between the
1.4.2.7 Adverse weather conditions, and surface and the water table that is not saturated.
1.4.2.8 Transporting liquid samples. 3.2.5 watershed-all lands enclosed by a continuous hydro-
1.5 This standard does not purport to address all of thelogic surface drainage divide and lying upslope from a speci-

safety concerns, if any, associated with its use. It is thdied point on a stream. (D 4410, D19)

responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica4. Significance and Use

bility of regulatory limitations prior to use. 4.1 The user of this guide is not assumed to be a trained
2 Referenced Documents technical practitioner in the water quality field. The guide is an
assembly of the components common to all aspect of water-
2.1 ASTM Standards: . shed nutrient monitoring and fulfills a need in the development
D 515 Test Methods for Phosphorus in Water __of a common framework for a better coordinated and a more
D 653 Terminology Relating to Soil, Rock, and Contained,ifieq approach to nutrient monitoring in watersheds.
Fluids? : . 4.2 Limitations—This guide does not establish a standard
D 1129 Term|_nology Relat_lng to Water . .__procedure to follow in all situations and it does not cover the
D 1357 Practice for Planning the Sampling of the Ambientyeai| necessary to meet all of the needs of a particular

Atmosphere o Wk monitoring objective. Other standards and guides included in
D 1426 Test Methods for Ammonia Nitrogen in Water 0 references describe the detail of the procedures.

D 1739 Test Method for Collection and Analysis of Dustfall
(Settleable Particulate Mattér) 5. Monitoring Components
D 3370 Practices for Sampling Water from Closed Con- g P o i i
duits 5.1 A watershed monitoring program of nutrients is com-

D 3590 Test Methods for Total Kjeldahl Nitrogen in Water prised of a series of steps designed to collect nutrient data to
D 3856 Guide for Good Laboratory Practices in Laborato-achieve a stated objective. The purposes of monitoring may be

ries Engaged in Sampling and Analysis of WAter several and include: analyzing trends, studying the fate and
D 3858 Test Method for Open-Channel Flow Measurementransport of nutrients, defining critical areas, assessing compli-

of Water by Velocity-Area Methatl ance, measuring the effectiveness of management practices,
D 3867 Test Methods for Nitrite-Nitrate in Wafer testing for sufficient levels, making wasteload allocations,
D 4410 Terminology for Fluvial Sediméht testing models, defining a water quality problem, and conduct-
D 4448 Guide for Sampling Ground Water Monitoring "9 researchd). , .

Wells 5.1.1 Monitoring to analyze trends is used to determine how
D 4696 Guide for Pore-Liquid Sampling from the Vadose Water quality is changing over time. In some cases baseline
Zoné monitoring is included as the early stage of trend monitoring.
D 4700 Guide for Soil Sampling from the Vadose Zne 5.1.2 Fate and transport monitoring is conducted to deter-

D 5092 Practice for Design and Installation of GroundMine whether pollutants move and where they may go.
Water Monitoring Wells in Aquifers 5.1.3 Water quality monitoring can be used to locate critical

D 6145 Guide for Monitoring Sediment in Watershéds ~ areas within watersheds exhibiting greater pollution loading
D 5851 Guide for Planning and Implementing a Waterthan other areas.

Monitoring Prograrf 5.1.4 Nutrient monitoring may also be used to assess
compliance with water quality plans or standards.

3. Terminology 5.1.5 Nutrient monitoring may assess the effectiveness of
3.1 Definitions: individual management practices in improving water quality
3.1.1 For definitions of terms used in this guide, refer toCf, In some cases, may be used to evaluate the effect of an

Terminology D 1129 and Guide D 5851. entire nutrient management program in a watershed.

3.2 Definitions of Terms Specific to This Standard: 5.1.6 The testing of nutrient levels in water bodies may be

3.2.1 aquife—a geologic formation containing water, usu- Used to see if sufficient amounts are present to support certain
ally able to yield appreciable water. aguatic organisms.

3.2.2 ground water—that part of the subsurface water thatis 5-1.7 Monitoring of receiving water bodies may be used to
the saturated zone. (D653, D18) determine wasteload allocations between point and nonpoint

sources. Such allocations require a thorough knowledge of the
- individual contributions from each source.
3 Annual Book of ASTM Standardgol 11.01. 5.1.8 Nutrient monitoring may be used to fit, calibrate, or
4 Annual Book of ASTM Standardéol 04.08. test a model for local conditions.
Zﬁ:gﬂ:: Py ggzg::ﬁ: s ~5.1.9 Nutrient monitoring may be used for research ques-
7 Annual Book of ASTM Standardéol 04.09. tions such as the accuracy of different types of samplers in

& Annual Book of ASTM Standardgol 11.02. collecting a representative sample.



A8y D 6146 - 97 (2002)

5.1.10 Finally, nutrient monitoring may be used to give magnitude and extent of a problem. This type of sampling
adequate definition to a water quality problem or determinecould be used to identify critical areas as well. A critical area
whether a problem exists. Guide for Planning D 5851 providess one that is contributing a significant amount of nutrients to
overall guidance on water monitoring. the water body of interest. Randomization in sampling loca-

5.1.11 This guide suggests and discusses the following stef##®ns may be important for reconnaissance monitoring. Recon-

in designing a watershed monitoring program for nutrientsnaissance monitoring could be used in a “whole aquifer” study
More detail on each step may be found(8). with well placement located randomly or on a grid basis.

5.2 Step 1: Water Quality NeedThe first step is to define 5.4.2 Plot designs have been commonly used in agricultural
the need for nutrient monitoring. The need statement shoul@xperiments for 100 yea(g). Plots are generally small areas
include several components: the potential or real water qualitihat can be replicated on the land or waterscape. Plots allow
issue requiring attention (for example, eutrophication), théeplication and control of certain variables, such as soil type.
potential water resource use impairment (for example, recre?lot designs are analyzed using Analysis of Varia(®e
ation), the name of the actual water resource (for example, 5.4.3 The single watershed before-and-after approach has
Long Lake), the potential threats or causes (for examplebeen sometimes used to compare water quality conditions
phosphorus), and the potential sources that may cause before a watershed treatment to after. Generally, this technique
problem (for example, agricultur€}). Very often the need is is not recommended, since the results are confounded with
to identify a water quality problem, but in some cases, the neetime and climate variables, and should be avoided. For
may be to assess the existing water quality whether a probleexample, the water quality differences from year-to-year may
exists or not. An example of a need statement might be: “Thée caused by climate differences not the watershed activity.
lack of recreation in Long Lake is due to excessive eutrophi- 5.4.4 The above-and-below design is used after a watershed
cation caused by excessive phosphorus loading possibly fropractice is in place. Sampling is conducted both upstream and
agricultural sources.” downstream, or in the case of ground water monitoring,

5.3 Step 2: Objectives-The second step in developing a up-gradient and down-gradient from the activity of interest.
nutrient monitoring program is to define the monitoring objec-Although this design is not as susceptible to the effect of
tives. The objectives of the monitoring study should addresslimate as the single watershed design, the differences in water
the water quality need or problem. An objective statementjuality between the two stations may be partly due to inherent
should include an infinitive verb, an object word or phrase, andvatershed differences such as soils or geology. If monitoring is
some limits on the objective such as the surface or groundonducted before and after the practice in installed, the design
water resource or watershed boundaries and variables wwould follow the paired watershed approach described below.
monitor. An example of a monitoring objective might be: “To  5.4.5 Ground water monitoring using this approach is re-
determine the effect of implementing agricultural managementerred to as up-gradient versus down-gradient monitoring. This
practices on phosphorus concentrations in Long Lake.” Wheis probably the most commonly used strategy in ground water
several objectives are used, a hierarchial approach may be usstidies and is appropriate for most designs. Placement of the
to determine higher priority objectives. An objective tree canwells is important because ground water sites are three
be used to distinguish among several objectives. To determingimensional. Gradients may occur in both vertical as well as
how several objectives can be linked, the following questiorhorizontal directions. Also due to heterogeneity at some sites,
can be asked: “Does the achievement of objective A contributgradient directions may change over time.
directly to the achievement of objective B?” If it does then 5.4.6 The paired watershed approach uses a minimum of
objective A feeds into objective B and a diagram can be buliliwo watersheds - control and treatment - and two periods of
showing all possible objectives and their linkages. study - calibration and treatme(). The control watershed

5.3.1 To assess whether objectives are being achievederves as a check for year-to-year climate variations and
objective attributes could be determined. Attributes define theeceives no changes in land uses or activities during the
level of achievement for each objective. They answer themonitoring study. During calibration, the two watersheds are
question of how close are we to achieving our goals? Fotreated identically and paired water quality data are collected.
example, are we 50 % of the way to achievement? ThesBuring the treatment period, one watershed is treated with a
attributes for nutrient monitoring objectives are often binary;practice while management in the control watershed remains
that is, either the objective is accomplished or not. unchanged.

5.4 Step 3: Statistical DesigrA statistical experimental 5.4.7 For ground water monitoring, an above-and-below
design should be stated that is consistent with the objectives @pproach to the paired watershed design is recommended.
the monitoring program. Appropriate experimental designDuring the calibration period, monitoring would take place
could include: reconnaissance, plot, single watershed, abovep-gradient and down-gradient for both the control and treat-
and-below, two watersheds, paired watershed, multiple watement portions of the ground water formation being studied.
sheds, and trend statio3). The design selected will dictate During the treatment period, one of the areas bounded by wells
most other aspects of the monitoring project including thewould receive a practice while the other control area would
study scale, the number of sampling locations, the samplingemain as before.
frequency, and the station type. 5.4.8 The multiple watershed approach involves more than

5.4.1 Reconnaissance or synoptic designs may be used asveo watersheds. Watersheds with treatments already in place
preliminary survey where no data exist or to assess thare selected from across the region of interest. Sampling from
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these watersheds is conducted over a period of time. Groups obncentration or mass is the desired outcome. A grab sample is
similar watersheds are tested against each other to determiaediscrete sample that is taken at a specific point and time. A
water quality difference$3). series of grab samples, usually collected at different times and

5.4.9 Trend stations are single watersheds monitored ovéiombined together in one sample, are considered composite
time. A trend is a persistent change in the water qualitysamples. Composite samples may be either time-weighted or
variables of interest over time. It is important while using mostflow-weighted. A specific type of a surface water grab sample
forms of trend analysis that there not be gaps in the data se§ a depth-integrated sample. Such samples account for veloc-
that water quality analysis methods not change, that th&y or stratification induced differences in water quality. Con-
hydrological control is stable, and a casual link can be madé&nuous sampling is rare because the technology is limited, but
between the water quality and watershed activities. A controisually involves water quality variables measured using elec-
trend station is highly recommended where no changes itrometric methods, such as specific ion electrodes for ammonia
watershed activities occur during the trend investigaf®n and nitrate nitrogen.

5.5 Step 4: Scale of StudyThe size or scale of the 5.8 Step 7: Sampling LocatierThe location of sampling
monitoring program should be determined. Appropriate scaleshould be determined at two levels: where within the watershed
include: point, plot, field, and watershed. Points are theand where at a given station location. The monitoring program
smallest scale considered for water quality monitoring and arebjectives, study design, and type of water body will dictate
characterized by obtaining single observations at a location. feneral sampling locations. To characterize a watershed outlet
rain gage represents a point sample. Plots are mesocosmnly requires one station. Ground water or lake characteriza-
(medium scale) sampling units which are appropriate if thetion would require many more locations. The actual number of
objective is to replicate several treatments or activities. Thground water locations can be determined based on the
number of plots needed for a study is a function of the numbevariability in the data as described (8).
of treatments applie(B). Monitoring on a field scale impliesa  5.8.1 For ground water sampling, the placement of wells
larger area than an individual plot. The area of a field is difficultand the number of wells will also be influenced by the
to state because it varies greatly in different parts of the Uniteﬂeterogeneity of the System that can be caused by minera|ogi-
States; however, afield is usually homogeneous in land use ar@| differences, geologic structure, multiple water-bearing
general topography. Watershed scale monitoring is used faiones, confining layers, and recharge/discharge areas. Because
most water quality monitoring purposes. One of the mosthese differences may not be known at the time of monitoring
difficult decisions is the watershed size. Generally, WaterShegrogram design, an initial ge0|ogic assessment may be needed

size is influenced by stream order, climate, number of landto make final determinations of well locations. Geostatistical
owners, extent of a problem area, homogeneity in land use anghproaches will assist in locating wells.

physical attributes, aquifer boundaries, and geol{®jy For

. : ’ . 5.8.2 Once the overall location has been determined, a more
lakes a plot might be a column of water confined with plastlcspeciﬁc location is needed to collect a representative sample.
(limnocorral). Fields in lakes are represented by bays.

Nutrients are known to stratify in lakes, estuaries, and in
5.6 Step 5: Variable SelectierA list of the nutrients to  ground water systems. Therefore, sampling at different depths
measure should be indicated. The specific species to moniteyil| yield different results. Gradients across streams may also
and whether they should be in dissolved, gaseous, or particxist due to water velocity gradients. If the velocity varies at
late forms should be described. Nutrient monitoring oftendifferent locations then nutrients associated with velocity will
requires that additional supporting parameters be monitoreg|so vary, such as phosphorus bound to sediments carried by
such as velocity, discharge, pH, and dissolved oxygen. Alsahe water. Width gradients may be especially evident below the
several biological characteristics of the water may need to bgonfluence of two streams. Algae also may stratify in water
measured since they are involved in nutrient cycling in thepodies. Sampling within stratified systems is often done to take

watershed. Often, water quality indices or environmentakubsamples in the different strata and then bulk the entire
indicators may be used along with nutrient monitoring insample.

watersheds. 5.9 Step 8: Sampling Frequency and DuratiefThe sam-
5.6.1 Water quality variable selection depends on the monipling frequency should be based on the objectives of the study,
toring objectives, water body type, the use of the water, thehe type of water resource being monitored, and the variability
land activity being investigated, the cost or difficulty in in the data being collected that may be due to storm events or
analysis, and any known or suspected nutrient issue associatggasonal changes. Nutrient data are highly variable in most
with the water body. To assist in the selection of water qualitysurface water systems due to the influence of precipitation as
variables, activity matrices have been develo§8l Other  well as biological activity. The temporal variability in ground
techniques for selection include ranking the variables ofyater systems is typically less than for surface waters. To
interest, developing correlations between variables, and detQﬂetermine the Samp”ng frequency a samp|e size calculation
mining the probability of exceeding a water quality standardshould be made based on the estimate of the standard devia-
). tion, the allowable difference from the mean, and Student’s t
5.7 Step 6: Sample TypeNutrients in watersheds may be (3). Such calculations are found in most standard statistical
collected as grab, composite, integrated, or continuoubooks. Calculations can also be made for detecting linear or
samples. The type of sample collected is a function of thestep trends(6). The duration of the study will also be
purpose in monitoring, the variables to sample, and whethenfluenced by the study objectives. Longer durations are
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needed for phosphorus monitoring than for nitrogen monitoring, and supervision. Quality assessment allows feedback on
ing since phosphorus is highly absorbed and changes slowlyow well the quality control program is operating. Indicators of
within systems as compared to nitrogen. data quality include precision, accuracy, representativeness,
5.10 Step 9: Station Type'Watershed monitoring of nutri- comparability, and completeness. Usually such assessment
ents may require the design and construction of monitoringnvolves the use of duplicate samples, spikes, internal and
stations for stream discharge, precipitation collection, soikexternal audits, tests of reason, and exchange sart®les
water and ground water sampling, biota, and sediment sam- 5,12 Step 11: Land Use and Management Monitosag
pling. The monitoring program should specify what types ofSince nitrogen and phosphorus can come from many sources,
monitoring stations will be used. Generally, several optionait is critical to monitor the sources of these nutrients to explain
methods for conducting the monitoring are available for eaCfany water quality changes that may occur. Such sources may
type of monitoring station needed. Agricultural Handbook No.include precipitation, land applications, irrigation, wastewa-
224 (7) is an important reference for designing monitoring ters, and long-term stored nutrients. The proximity of these
stations. The US Geological Survey has published a series @burces to the water body may also be important. The land use
Techniques of Water Resources Investigations (TWRI) reportgonitoring plan should match the water quality monitoring
that address many of the issues related to designing monitoringbjectives and be consistent with the watershed boundaries
stations. A listing of the TWRI's is given in Appendix X1. being monitored. The basic approaches for monitoring land use
Other guidelines may be found (8). information are personal observations, field logs, personal
5.11 Step 10: Sample Collection and AnalysiShe moni-  interviews, and remote sensing. As the size of the study area
toring study should address appropriate techniques for collecincreases, the difficulty and importance of adequate land use
ing and analyzing samples. The sample collection procedurggonitoring increases.
for nutrient analysis will depend on the type of sample and the 5 12 1 A method for managing land use data should be

type of water resource being sampled. Grab samples are ofteecified and could include photos, ad hoc files, spreadsheets
collected in bottles that have been rinsed with collection watery, yata bases, or a geographic information system (GIS).

Sampling from pipes may require running the water long 5.13 Step 12: Data ManagemeniThe final step in devel-
enough to remove stagnant water. Sample collection fro ping a monitoring program for nutrients in watersheds in-

wells also requires purging to ensure that the water in the we | e P
; : ves specifying the methods for the acquisition, storage,
represents water from the formation (See Practice D 5092, ancl . pecifying d g

. . X lidation, retrieval, and manipulation of nutrient data. Acqui-
Guide D 4448). Appropriate containers should be used and thgt P q

e should b d it d ion includes the collection and entry into the data manage-
sample should be preserved as recomme@ediitrogen an ment system. Computerized data loggers have eased the

phosphorus Sa”?p'es are typically collected _in plastic or glas(§omplexity of this step. The storage of data should be viewed
containers. Nutrients are preserved by keepmg cool (4°C) angs a multilevel effort using both manual and computerized
a_1C|d|f_y|ng to a pH < 2. For SOMe SPEcies of phOSphorustechnologies. Original paper copies of collected data should be
filtration is also used. Transportation and storage before anal¥haintained All data should be validated with a 100 % error
sis should follow standard method®). Most samples are heck. Tests of reason can be used by computers or manually

transported in the dark and in _(_:oolers. _The methods %o see if recorded values are technically/physically possible.
laboratory analysis should be specified. Two important analy5|5ata generally require some form of manipulation before being
methods references are Standard Methods for the Examinatiq@ported Manipulation may be statistical, graphical or may

of Water and Wastewate2) and Methods for Chemical include censoring values below detection limits.

Analysis of Water and Wastd8). 5.14 Monitoring Purposes-Discussion of the purposes in

5.11.1 The analysis methods should include a quality =" . : : . . .
assurance/quality control program. Quality assurance is th onitoring nutrients is provided in Guide D 5851, (8) and

total integrated program for assuring the reliability of moni—t e ITFM reports(1).
toring and measurement data. Quality assurance is compos
of quality control and quality assessment. Quality control
refers to activities conducted to provide high quality data. 6.1 atmospheric; environmental indicators; estuary; ground
Quality assessment refers to techniques used to evaluate theater; monitoring; nitrogen; nonpoint source pollution; nutri-

effectiveness of the program. A good quality control programent; phosphorus; point source pollution; soil pore water;
should include good laboratory practices including recordsurface water; water monitoring; water quality; watershed
keeping, standard operating procedures, education and traimonitoring; vadose zone

gd Keywords
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APPENDIX

(Nonmandatory Information)

X1. OTHER PUBLICATIONS ON TECHNIQUES OF WATER RESOURCES INVESTIGATIONS

Barnett, P. R., et al.Determination of Minor Elements in Kennedy, E. J.,Computation of Continuous Records of
Water By Emission Spectroscopy, S. Geological Survey, StreamflowU. S. Geological Survey, TWI 3-A13, 1983.

TWI 5-A2, 1971. Kennedy, E. J.Levels at Streamflow Gaging Statiohs, S.
Benson, M. A,, et al.General Field and Office Procedures Geological Survey, TWI 3-A19, 1990.

For Indirect Discharge Measurements, S. Geological Sur- Keys, W. S., et alApplication of Borehole Geophysics to

vey, TWI 3-Al, 1967. Water-Resources Investigations, S. Geological Survey, TWI

Bodhaine, G. L.Measurement of Peak Discharge at Cul- 2-E1, 1971.
verts by Indirect Method4). S. Geological Survey, TWI3-A3,  Keys, W. S., et al.Borehole Geophysics Applied to Ground-

1968. Water InvestigationslJ. S. Geological Survey, TWI 2-E2,
Buchanan, T. J., et al.Stage Measurements at Gaging 1990.
Stations,U. S. Geological Survey, TWI 3-A7, 1968. Kilpatrick, F. A., et al., Use of Flumes in Measuring

Buchanan, T. J., et alDischarge Measurements at Gaging Discharge,U. S. Geological Survey, TWI 3-A14, 1983.

Stations,U. S. Geological Survey, TWI 3-A8, 1969. Kilpatrick, F. A., et al.,Measurement of Discharge Using
Carter, R. W., et al General Procedure For Gaging Streams, Tracers,U. S. Geological Survey, TWI 3-A16, 1985.

U. S. Geological Survey, TWI 3-A6, 1968. Kilpatrick, F. A., et al. Determination of Stream Reaeration

Cooley, R. L., et al.Regression Modeling of Ground-Water cqefficients by Use of Tracers, S. Geological Survey, TWI
Flow, U. S. Geological Survey, TWI 3-B4, 1990. 3-A18. 1989.

Craig, J. D.,Installation and Service Manual for U. S.
Geological Survey Manometetd, S. Geological Survey, TWI
8-A2, 1983.

Dalrymple, T. et al. Measurement of Peak Discharge by the
Slope-Area Method).S. Geological Survey, TWI 3-A2, 1967.

Davidian, J.Computation of Water-Surface Profiles in Open

ChannelsU. S. Geological Survey, TWI 3-A15, 1984. to Simulate Aquifer-System Compaction Using the Modular

Franke, O. L., et al.Definition of Boundary and Initial - .
N ’ . Finite-Difference Ground-Water Flow ModéBupersedes 88-
Conditions in the Analysis of Saturated Ground-Water F|OW482), U. S. Geological Survey, TWI 6-A2, 1991.

Systems-An Introduction). S. Geological Survey, TW1 3-BS, Matthai, H. E.,Measurement of Peak Discharge at Width
1987. Contractions by Indirect Method4). S. Geological Surve
Friedman, L. C., et al.Quality Assurance Practices for the y T 9 Y
. ; . -~ TWI 3-A4, 1967.
Chemical and Biological Analyses of Water and Fluvial . .
Sedimentsy. S. Geological Survey, TWI 5-A6, 1982. F,MtCDS_?fald’ M'GG" eg 3:/'? MF?duIz:/lr Lf;;eeS—Déme:’\spn?l
Garber, M. S., et alMethods of Measuring Water Levels in inite-Lifference tsround-vvater Flow VIoded. . 1eologica

Deep WellsU. S. Geological Survey, TWI 8-A1, 1968. Survey, TWI 6-Al, 1988. ] ] ] ]
Greeson, P. E., et al., (Edited)lethods for Collection and Porterfield, G.Computation of Fluvial-Sediment Discharge,

Analysis of Aquatic Biological and Microbiological Samples, Y- S- Geological Survey, TWI 3-C3, 1972.

Konikow, L. F., et al..Computer Model of Two-Dimensional
Solute Transport and Dispersion in Ground Watél, S.
Geological Survey, TWI 7-C2, 1978.

Laenen, A. Acoustic Velocity Meter Systems, S. Geologi-
cal Survey, TWI 3-A17, 1985.

Leake, S. A., et al.Documentation of a Computer Program

U. S. Geological Survey, TWI 5-A4, 1977. Reed, J. E.Type Curves for Selected Problems of Flow to
Guy, H. P.,Laboratory Theory and Methods for Sediment Wells in Confined Aquifers). S. Geological Survey, TWI
Analysis,U. S. Geological Survey, TWI 5-C1, 19609. 3-B3, 1980.
Guy, H.P,, et al.Field Methods of Measurement of Fluvial  Reilly, T. E., et al.,The Principle of Superposition and its
Sediment. S. Geological Survey, TWI 3-C2, 1970, Application in Ground-Water Hydraulicsl). S. Geological
Guy, H. P, Fluvial Sediment Concepts). S. Geological —Survey, TWI 3-B6, 1987.

Survey, TWI 3-C1, 1970. Riggs, H. C.,Frequency CurvedJ. S. Geological Survey,

Haeni, F. P.Application of Seismic-refraction Techniques to TWI 4-A2, 1968.
Hydrologic Studiesy). S. Geological Survey, TWI 2-D2, 1998.  Riggs, H. C.,Some Statistical Tools in Hydrology. S.

Hubbard, E. F., et alMeasurement of Time of Travel and Geological Survey, TWI 4-Al1, 1968.
Dispersion in Streams by Dye Tracing). S. Geological Riggs, H. C.,Low-Flow InvestigationsU.S. Geological
Survey, TWI 3-A9, 1982. Survey, TWI 4-B1, 1972.

Hulsing, H., Measurement of Peak Discharge at Dams by Riggs, H. C.Regional Analyses of Streamflow Characteris-
Indirect MethodsUU. S. Geological Survey, TWI 3-A5, 1967. tics, U. S. Geological Survey, TWI 4-B3, 1973.

Jenkins, C. T.Computation of Rate and Volume of Stream Riggs, H. C.,Storage Analyses for Water Supply, S.
Depletion by WellsU. S. Geological Survey, TWI 4-D1, 1970. Geological Survey, TWI 4-B2, 1973.



A8y D 6146 - 97 (2002)

Schaffranek, R. W., et alA Model for Simulation of Flow in Thatcher, L. L., et al.Methods for Determination of Radio-
Singular and Interconnected Channel$, S. Geological Sur- active Substances in Water and Fluvial Sedimefis,S.
vey, TWI 7-C3, 1981. Geological Survey, TWI 5-A5, 1977.

Shuter, E., et al.Application of Drilling, Coring, and Trescott, P. C., et alFinite Difference Model for Aquifer
Sampling Techniques to Test Holes and WellsS. Geological  simulation in Two Dimensions with Results of Numerical
Survey, TWI 2-F1, 1989. o Experimentsy. S. Geological Survey, TWI 7-C1, 1976.

Skougstad, M. W, et al.Methods for .Determmauon of Wershaw, R. L., et al.Methods for the Determination of
Inorgan_lc Substances in Water and Fluvial SedimebisS. Organic Substances in Water and Fluvial Sedimefitsis
Geological Survey, TWI 5-Al, 1979. . . manual is a revision oMethods for Analysis of Organic

Smoot, G. F., et alMeasurement of Discharge by Moving- Substances in Watély Donald F. Goerlitz and Eugene Brown,

Boat MethodU. S. Geological Survey, TWI 3-Al11, 1969. :
Smoot, G. F., et al.,Calibration and Maintenance of E_(fzk i,gé:?hapterA 3,1972), U. S. Geological Survey, TWI

Vertical-Axis Type Current Meters). S. Geological Survey, . . . :
TWI 8-B2, 196{3? Y g y Wood, W. W.,Guidelines for Collection and Field Analysis

Stallman, R. W.,Aquifer-Test Design, Observations, and of Ground-Water Samples for Selected Unstable Constituents,

Data AnalysisU. S. Geological Survey, TWI 3-B1, 1971,  U- S- Geological Survey, TWI 1-D2, 1976.

Stevens, H. H., Jr., et alWater Temperature-Influential ~ Zohdy, A. A. R., et al. Application of Surface Geophysics to
Factors, Field Measurement, and Data Presentatibh,S.  Ground-Water Investigationd). S. Geological Survey, TWI
Geological Survey, TWI 1-D1, 1975. 2-D1, 1974.

REFERENCES

(2) Intergovernmental Task Force on Monitoring Water Qualitye (5) Clausen, J.C. and Spooner, Baired Watershed Study Desigd. S.
Strategy for Improving Water-Quality Monitoring in the United States, =~ Environmental Protection Agency, EPA 841-F-93-009, Office of Water,
Final Report of the Intergovernmental Task Force on Monitoring Water ~ Washington, DC, 20460, 1993.

Quality, U. S. Geological Survey, Office of Water Data Coordination, (6) Sanders, T. G., Ward, R. C., Loftis, J. C., Steele, T. D., Adrian, D. D.,

Resto_n, VA 22992‘ 1995. . and Yevjevich, V. Design of Networks for Monitoring Water Quality
(2) American Public Health Associatiorgtandard Methods for the Ex- .
o . Water Resour. Pub., Littleton, CO, 1983.
amination of Water and Wastewatet7th Ed., Washington, DC, 1989. . . . .
(3) USDA Natural Resources Conservation Servisetional Handbook (/) USDA, “Field Manual for Research in Agricultural HydrologyXgric.

of Water Quality Monitoring,Part 600, USDA-NRCS, Washington, Handb. 224\Washington, DC, 1979.

DC, 1996. (8) US Environmental Protection Agendylethods for Chemical Analysis
(4) LeClerg, E. L., Leonard, W. H., and Clark, A. Gield Plot Technique of Water and Waste&£PA 600/4-79.020, Off. Res. and Dev., Cincin-
, 2nd. Ed. Burgess Pub. Co., Minneapolis, MN, 1962. nati, OH, 1983.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



