
WATER RESOURCES DATA—NEW HAMPSHIRE AND VERMONT, 2005 1

Water Resources Data for 
New Hampshire and Vermont, 2005

By Richard G. Kiah, Chandlee Keirstead, Robert O. Brown, and Gregory S. Hilgendorf

INTRODUCTION

The Water Resources Division of the U.S. 
Geological Survey, in cooperation with State 
agencies, obtains a large amount of data pertaining 
to the water resources of New Hampshire and 
Vermont each water year. These data, accumulated 
during many water years, constitute a valuable data 
base for developing an improved understanding of 
the water resources of the States. To make these 
data readily available to interested parties outside 
the U.S. Geological Survey, the data are published 
annually in this report series entitled “Water 
Resources Data-New Hampshire and Vermont.” 

This report series includes records of stage, 
discharge, and water quality of streams; contents of 
lakes and reservoirs; and water levels of ground-
water wells. This volume contains records for 
water discharge at 78 gaging stations; stage records 
for 5 lakes; month end contents for 2 lakes and 
reservoirs; and water levels at 38 observation wells. 
Also included are data for 37 crest-stage partial 
record stations. Locations of these sites are shown 
in figures 1 and 2. Additional water data were 
collected at various sites not involved in the 
systematic data-collection program and are 
published under miscellaneous discharge 
measurements for gaging stations in New 
Hampshire and Vermont. The data in this report 
represent that part of the National Water Data 
System collected by the U.S. Geological Survey 
and cooperating State and Federal agencies in New 
Hampshire and Vermont.

This series of annual reports for New 
Hampshire and Vermont began with the 1961 water 
year with a report that contained only data relating 
to the quantities of surface water and published as 
“Water Resources data for Massachusetts, New 
Hampshire, Rhode Island, and Vermont.” For the 

1964 water year, a similar report was introduced 
that contained only data relating to water quality. 
Beginning with the 1975 water year, the report 
format was changed to present, in one volume, data 
on quantities of surface water, quality of surface 
and ground water, and ground-water levels. 

Prior to introduction of this series and for 
several water years concurrent with it, water-
resources data for New Hampshire and Vermont 
were published in U.S. Geological Survey Water-
Supply Papers. Data on stream discharge and stage 
and on lake or reservoir contents and stage, through 
September 1960, were published annually under 
the title “Surface-Water Supply of the United 
States, Parts 1A and 1B.” For the 1961 through 
1970 water years, the data were published in two 
5-year reports. Data on chemical quality, 
temperature, and suspended sediment for the 1941 
through 1970 water years were published annually 
under the title “Quality of Surface Waters of the 
United States,” and water levels for the 1939 
through 1974 water years were published under the 
title “Ground-Water Levels in the United States.” 
The above mentioned Water-Supply Papers may be 
consulted in the libraries of the principal cities of 
the United States and may be purchased from 
U.S. Geological Survey, Branch of Information 
Services, Federal Center, Box 25286, Denver, 
Colorado 80225.

Publications similar to this report are published 
annually by the U.S. Geological Survey for all 
States. These official reports have an identification 
number consisting of the two-letter State 
abbreviation, the last two digits of the water year, 
and the volume number. For example, this volume 
is identified as “U.S. Geological Survey Water-
Data Report NH-VT-05-1.” For archiving and 
general distribution, the reports for 1971-74 water 
years also are identified as water-data reports. 
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EXPLANATION 

Station numbers are in abbreviated form. 
The first two digits are omitted. 
For example, number 01052500 is 052500 
 

Surface-water station 
 
Surface-water and chemical 
  water-quality measuring station 
 
Lake or reservoir 
 
Crest-stage partial-record station 

296500 

129200 

131500 

072800 

073000 

073587 092000 

094000 

135150 

138500 

294300 

282300 

154000 

100561 

100505 
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279490 

288230 

288225 

282813 
288400 

072870 

073822 

073460
073500

073785
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Figure 1. Location of surface-water data-collection sites.
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Figure 2. Location of ground-water data-collection sites.
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These water-data reports are for sale in paper copy 
or in microfiche by the National Technical 
Information Service, U.S. Department of 
Commerce, Springfield, VA 22161. Real-time and 
historical data from the surface-water network, as 
well as information about individual sites, are 
available through the world wide web at:

http://waterdata.usgs.gov/nh/nwis

http://waterdata.usgs.gov/usa/nwis/rt

Additional information, including current 
prices, for ordering specific reports may be 
obtained from the USGS Water Science Center at 
the address given on the back of the title page or by 
telephone (603) 226-7800. 

COOPERATION

The U.S. Geological Survey and organizations 
of the States of New Hampshire and Vermont have 
had cooperative agreements for the systematic 
collection of surface-water records since the early 
1900’s, and for groundwater records since the mid- 
60’s. Organizations that assisted in collecting the 
data in this report through cooperative agreements 
with the U.S. Geological Survey are:

New Hampshire Department of 
Environmental Services, Michael Nolin, 
Commissioner

Vermont Department of Environmental 
Conservation, Jeffrey Wennberg, 
Commissioner

Vermont Agency of Transportation,  
Dawn Terrill, Secretary of Transportation

City of Keene, John A. MacLean,  
City Manager

City of Rochester, Gary Stenhouse,  
City Manager

City of South Burlington, Vermont 
Juli Beth Hinds, Director of Planning and 
Zoning

Assistance in the form of funds or services was 
provided by the Corps of Engineers, U.S. Army, in 
the collection of records for 20 gaging stations 
published in this report. Organizations supplying 
data are acknowledged in the station descriptions.

The following organizations contributed funds 
and services through the requirements of the 
Federal Energy Regulatory Commission:

Green Mountain Power Company

Great Bay Hydro Corporation

Public Service Company of  
New Hampshire

On waters adjacent to the international 
boundary, certain gaging stations are maintained by 
the United States (or Canada) under agreement 
with Canada (or the United States), and the records 
are obtained and compiled in a manner equally 
acceptable to both countries. These stations are 
designated as “international gaging stations.”

SUMMARY OF HYDROLOGIC 
CONDITIONS

Streamflow

Runoff for the 2005 water year was 
characterized by flows generally in the normal 
range throughout New Hampshire and Vermont, 
(below normal refers to the lower quartile of 
record, above normal refers to the upper quartile of 
record, and normal refers to the two middle 
quartiles). The basis of the below-normal, normal, 
and above-normal ranges is a 30-year reference 
period (October 1971 through September 2000). 
Figure 3 shows annual runoff in the below-normal 
range for 4 of 45 streamflow gaging sites having 
long-term records, primarily within the 
Connecticut and St. Lawrence River basins. Runoff 
was in the normal range at 36 of 45 streamflow 
sites with long-term records, primarily within the 
Connecticut, Hudson, Merrimack, Piscataqua, and 
St. Lawrence River basins. Runoff was in the 
above-normal range at 5 of 45 streamflow sites 
with long-term records, primarily in the 
Androscoggin and Saco River basins. 

http://waterdata.usgs.gov/nh/nwis
http://waterdata.usgs.gov/usa/nwis/rt
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Figure 3. The triangles on this map depict annual runoff for stations with at least 30 years of record as a percen-
tile, based on the reference period 1971-2000.
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The 2005 monthly and annual mean discharges 
and the monthly and annual median discharges for 
the reference period of 1971-2000 are shown in 
figure 4 for stations on the Pemigewasset River at 
Plymouth, New Hampshire, and Dog River at 
Northfield Falls, Vermont. These stations recorded 
2005 water-year runoff of 117 and 104 percent of 
median respectively (compared to 118 and  
129 percent a year ago for each site) and were used 
with other stations as indicators of monthly runoff 
across both states.

Additional statistics for each streamflow-
gaging station in this report are provided in the 
tables of daily mean discharges. Monthly flow 
hydrographs from the network are also available 
through the World Wide Web at:

http://vt.water.usgs.gov/WaterData/curr.htm

Floods and Droughts

No significant, widespread flooding occurred 
in New Hampshire or Vermont during the 2005 
water year. The recurrence interval of the annual 
peak discharges at most streamflow gaging stations 
were less than 5 years (peaks having a 1 in 5 
chance of being equaled or exceeded in any given 
year) and ranged from more than a 1.1-year to less 
than a 10-year recurrence interval throughout the 
water year.

Minimum streamflows occurred during August 
and September, 2005. The 1-day low-flow 
recurrence interval (the time interval between daily 
flows equal to or less than a given flow) was 
analyzed at 21 non-regulated sites with at least  
30 years of record. Minimum flows ranged from 
greater than a 1-year to less than a 2-year 
recurrence interval at 19 of 21 non-regulated 
streamflow sites with long-term records throughout 
New Hampshire and Vermont. Two sites in the 
Piscataqua River basin, however, recorded 
minimum flows that ranged from greater than a  
2-year to less than a 20-year recurrence interval. 

Reservoir Storage

The total combined usable storage of 5 major 
reservoirs in both States is 22,436 million cubic 
feet. Variations in month-end average usable 
capacity for the 5 major reservoirs are shown in 
figure 5. At the beginning of the water year, the 
actual usable storage from these reservoirs was 
16,990 million cubic feet or 76 percent of capacity. 
Average reservoir storage rose to 78 percent of 
capacity through December, then followed a steady 
seasonal decline to a minimum capacity for the 
water year of 57 percent by the end of March. 
Average reservoir storage then increased to a 
maximum average capacity of 96 percent at the  
end of May and finally declined seasonally to a 
capacity of 75 percent at the end of September, 
which is a combined usable storage of  
16,444 million cubic feet.

Ground-Water Levels

The ground-water observation-well network 
consisted of 25 wells in New Hampshire, and 12 
wells in Vermont, during the 2005 water year. Most 
observation wells are of small diameter and located 
in sandy material.

The monthend observations are organized in 
table 1. Well locations are referenced by well name 
and are found on figure 2. Ground-water levels 
summarized in table 1 are based on levels from 
observation wells across New Hampshire and 
Vermont from October 2004 to September 2005. 

Ground-water conditions during the 2005 
water year were generally in the normal range 
throughout New Hampshire and Vermont (below 
normal refers to the lower quartile of record, above 
normal refers to the upper quartile of record, and 
normal refers to the two middle quartiles). 
Exceptions include the coastal region of New 
Hampshire and the area indicated by the Brighton 
well in northeastern Vermont, which were in the 
above normal range, and the area indicated by the 
Berkshire well in northern Vermont, which was 
predominantly below normal.

http://vt.water.usgs.gov/WaterData/curr.htm
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Figure 4. Comparison of discharge at two long-term index-gaging stations during the 2005 water year with median 
discharge for period 1971-2000.
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Organic carbon (OC) is a measure of organic matter 
present in aqueous solution, suspension, or bottom 
sediment. May be reported as dissolved organic car-
bon (DOC), particulate organic carbon (POC), or total 
organic carbon (TOC).

Organic mass or volatile mass of a living substance is 
the difference between the dry mass and ash mass and 
represents the actual mass of the living matter. Organic 
mass is expressed in the same units as for ash mass 
and dry mass. (See also “Ash mass,” “Biomass,” and 
“Dry mass”)

Organism count/area refers to the number of organ-
isms collected and enumerated in a sample and 
adjusted to the number per area habitat, usually square 
meter (m2), acre, or hectare. Periphyton, benthic 
organisms, and macrophytes are expressed in these 
terms.

Organism count/volume refers to the number of organ-
isms collected and enumerated in a sample and 
adjusted to the number per sample volume, usually 
milliliter (mL) or liter (L). Numbers of planktonic 
organisms can be expressed in these terms.

Organochlorine compounds are any chemicals that 
contain carbon and chlorine. Organochlorine com-
pounds that are important in investigations of water, 
sediment, and biological quality include certain pesti-
cides and industrial compounds.

Parameter code is a 5-digit number used in the USGS 
computerized data system, National Water Informa-
tion System (NWIS), to uniquely identify a specific 
constituent or property.

Partial-record station is a site where discrete measure-
ments of one or more hydrologic parameters are 
obtained over a period of time without continuous data 
being recorded or computed. A common example is a 
crest-stage gage partial-record station at which only 
peak stages and flows are recorded.

Particle size is the diameter, in millimeters (mm), of a 
particle determined by sieve or sedimentation meth-
ods. The sedimentation method uses the principle of 
Stokes Law to calculate sediment particle sizes. Sedi-
mentation methods (pipet, bottom-withdrawal tube, 
visual-accumulation tube, sedigraph) determine fall 
diameter of particles in either distilled water (chemi-
cally dispersed) or in native water (the river water at 
the time and point of sampling). 

Particle-size classification, as used in this report, 
agrees with the recommendation made by the Ameri-
can Geophysical Union Subcommittee on Sediment 
Terminology. The classification is as follows:

Classification Size (mm) Method of analysis

Clay >0.00024 - 0.004 Sedimentation

Silt >0.004 - 0.062 Sedimentation

Sand >0.062 - 2.0 Sedimentation/sieve

Gravel >2.0 - 64.0 Sieve

Cobble >64 - 256 Manual measurement

Boulder >256 Manual measurement

The particle-size distributions given in this report are 
not necessarily representative of all particles in trans-
port in the stream. For the sedimentation method, most 
of the organic matter is removed, and the sample is 
subjected to mechanical and chemical dispersion 
before analysis in distilled water. Chemical dispersion 
is not used for native water analysis. 

Peak flow (peak stage) is an instantaneous local maxi-
mum value in the continuous time series of stream-
flows or stages, preceded by a period of increasing 
values and followed by a period of decreasing values. 
Several peak values ordinarily occur in a year. The 
maximum peak value in a year is called the annual 
peak; peaks lower than the annual peak are called sec-
ondary peaks. Occasionally, the annual peak may not 
be the maximum value for the year; in such cases, the 
maximum value occurs at midnight at the beginning or 
end of the year, on the recession from or rise toward a 
higher peak in the adjoining year. If values are 
recorded at a discrete series of times, the peak 
recorded value may be taken as an approximation of 
the true peak, which may occur between the recording 
instants. If the values are recorded with finite preci-
sion, a sequence of equal recorded values may occur at 
the peak; in this case, the first value is taken as the 
peak. 

Percent composition or percent of total is a unit for 
expressing the ratio of a particular part of a sample or 
population to the total sample or population, in terms 
of types, numbers, weight, mass, or volume.

Percent shading is a measure of the amount of sunlight 
potentially reaching the stream. A clinometer is used 
to measure left and right bank canopy angles. These 
values are added together, divided by 180, and multi-
plied by 100 to compute percentage of shade.
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Periodic-record station is a site where stage, discharge, 
sediment, chemical, physical, or other hydrologic 
measurements are made one or more times during a 
year but at a frequency insufficient to develop a daily 
record.

Periphyton is the assemblage of microorganisms 
attached to and living upon submerged solid surfaces. 
Although primarily consisting of algae, they also 
include bacteria, fungi, protozoa, rotifers, and other 
small organisms. Periphyton are useful indicators of 
water quality.

Pesticides are chemical compounds used to control 
undesirable organisms. Major categories of pesticides 
include insecticides, miticides, fungicides, herbicides, 
and rodenticides.

pH of water is the negative logarithm of the hydrogen-
ion activity. Solutions with pH less than 7.0 standard 
units are termed “acidic,” and solutions with a pH 
greater than 7.0 are termed “basic.” Solutions with a 
pH of 7.0 are neutral. The presence and concentration 
of many dissolved chemical constituents found in 
water are affected, in part, by the hydrogen-ion activ-
ity of water. Biological processes including growth, 
distribution of organisms, and toxicity of the water to 
organisms also are affected, in part, by the hydrogen-
ion activity of water.

Phytoplankton is the plant part of the plankton. They 
usually are microscopic, and their movement is subject 
to the water currents. Phytoplankton growth is depen-
dent upon solar radiation and nutrient substances. 
Because they are able to incorporate as well as release 
materials to the surrounding water, the phytoplankton 
have a profound effect upon the quality of the water. 
They are the primary food producers in the aquatic 
environment and commonly are known as algae. (See 
also “Plankton”)

Picocurie (PC, pCi) is one-trillionth (1 x 10-12) of the 
amount of radioactive nuclide represented by a curie 
(Ci). A curie is the quantity of radioactive nuclide that 
yields 3.7 x 1010 radioactive disintegrations per sec-
ond (dps). A picocurie yields 0.037 dps, or 2.22 dpm 
(disintegrations per minute).

Plankton is the community of suspended, floating, or 
weakly swimming organisms that live in the open 
water of lakes and rivers. Concentrations are expressed 
as a number of cells per milliliter (cells/mL) of sam-
ple. 

Polychlorinated biphenyls (PCBs) are industrial chem-
icals that are mixtures of chlorinated biphenyl com-
pounds having various percentages of chlorine. They 
are similar in structure to organochlorine insecticides.

Polychlorinated naphthalenes (PCNs) are industrial 
chemicals that are mixtures of chlorinated naphthalene 
compounds. They have properties and applications 
similar to polychlorinated biphenyls (PCBs) and have 
been identified in commercial PCB preparations.

Pool, as used in this report, is a small part of a stream 
reach with little velocity, commonly with water deeper 
than surrounding areas.

Primary productivity is a measure of the rate at which 
new organic matter is formed and accumulated 
through photo-synthetic and chemosynthetic activity 
of producer organisms (chiefly, green plants). The rate 
of primary production is estimated by measuring the 
amount of oxygen released (oxygen method) or the 
amount of carbon assimilated (carbon method) by the 
plants.

Primary productivity (carbon method) is expressed as 
milligrams of carbon per area per unit time [mg C/(m2/
time)] for periphyton and macrophytes or per volume [mg 
C/(m3/time)] for phytoplankton. The carbon method 
defines the amount of carbon dioxide consumed as 
measured by radioactive carbon (carbon-14). The car-
bon-14 method is of greater sensitivity than the oxy-
gen light- and dark-bottle method and is preferred for 
use with unenriched water samples. Unit time may be 
either the hour or day, depending on the incubation 
period. (See also “Primary productivity”)

Primary productivity (oxygen method) is expressed as 
milligrams of oxygen per area per unit time [mg O/
(m2/time)] for periphyton and macrophytes or per vol-
ume [mg O/(m3/time)] for phytoplankton. The oxygen 
method defines production and respiration rates as 
estimated from changes in the measured dissolved-
oxygen concentration. The oxygen light- and dark-bot-
tle method is preferred if the rate of primary produc-
tion is sufficient for accurate measurements to be 
made within 24 hours. Unit time may be either the 
hour or day, depending on the incubation period.  
(See also “Primary productivity”)

Radioisotopes are isotopic forms of elements that 
exhibit radioactivity. Isotopes are varieties of a chemi-
cal element that differ in atomic weight but are very 
nearly alike in chemical properties. The difference 
arises because the atoms of the isotopic forms of an 
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element differ in the number of neutrons in the 
nucleus; for example, ordinary chlorine is a mixture of 
isotopes having atomic weights of 35 and 37, and the 
natural mixture has an atomic weight of about 35.453. 
Many of the elements similarly exist as mixtures of 
isotopes, and a great many new isotopes have been 
produced in the operation of nuclear devices such as 
the cyclotron. There are 275 isotopes of the 81 stable 
elements, in addition to more than 800 radioactive iso-
topes.

Reach, as used in this report, is a length of stream that is 
chosen to represent a uniform set of physical, chemi-
cal, and biological conditions within a segment. It is 
the principal sampling unit for collecting physical, 
chemical, and biological data.

Recoverable is the amount of a given constituent that is 
in solution after a representative water sample has 
been extracted or digested. Complete recovery is not 
achieved by the extraction or digestion and thus the 
determination represents something less than 95 per-
cent of the constituent present in the sample. To 
achieve comparability of analytical data, equivalent 
extraction or digestion procedures are required of all 
laboratories performing such analyses because differ-
ent procedures are likely to produce different analyti-
cal results. (See also “Bed material”)

Recurrence interval, also referred to as return period, 
is the average time, usually expressed in years, 
between occurrences of hydrologic events of a speci-
fied type (such as exceedances of a specified high flow 
or nonexceedance of a specified low flow). The terms 
“return period” and “recurrence interval” do not imply 
regular cyclic occurrence. The actual times between 
occurrences vary randomly, with most of the times 
being less than the average and a few being substan-
tially greater than the average. For example, the 100-
year flood is the flow rate that is exceeded by the 
annual maximum peak flow at intervals whose average 
length is 100 years (that is, once in 100 years, on aver-
age); almost two-thirds of all exceedances of the 100-
year flood occur less than 100 years after the previous 
exceedance, half occur less than 70 years after the pre-
vious exceedance, and about one-eighth occur more 
than 200 years after the previous exceedance. Simi-
larly, the 7-day, 10-year low flow (7Q10) is the flow 
rate below which the annual minimum 7-day-mean 
flow dips at intervals whose average length is 10 years 
(that is, once in 10  years, on average); almost two-
thirds of the nonexceedances of the 7Q10 occur less 
than 10 years after the previous nonexceedance, half 
occur less than 7 years after, and about one-eighth 

occur more than 20 years after the previous nonex-
ceedance. The recurrence interval for annual events is 
the reciprocal of the annual probability of occurrence. 
Thus, the 100-year flood has a 1-percent chance of 
being exceeded by the maximum peak flow in any 
year, and there is a 10-percent chance in any year that 
the annual minimum 7-day-mean flow will be less 
than the 7Q10.

Replicate samples are a group of samples collected in a 
manner such that the samples are thought to be essen-
tially identical in composition.

Return period (See “Recurrence interval”)

Riffle, as used in this report, is a shallow part of the 
stream where water flows swiftly over completely or 
partially submerged obstructions to produce surface 
agitation.

River mileage is the curvilinear distance, in miles, mea-
sured upstream from the mouth along the meandering 
path of a stream channel in accordance with Bulletin 
No. 14 (October 1968) of the Water Resources Coun-
cil and typically is used to denote location along a 
river. 

Run, as used in this report, is a relatively shallow part of 
a stream with moderate velocity and little or no sur-
face turbulence.

Runoff is the quantity of water that is discharged (“runs 
off”) from a drainage basin during a given time period. 
Runoff data may be presented as volumes in acre-feet, 
as mean discharges per unit of drainage area in cubic 
feet per second per square mile, or as depths of water 
on the drainage basin in inches. (See also “Annual run-
off”)

Salinity is the total quantity of dissolved salts, measured 
by weight in parts per thousand. Values in this report 
are calculated from specific conductance and tempera-
ture. Seawater has an average salinity of about 35 parts 
per thousand (for additional information, refer to: 
Miller, R.L., Bradford, W.L., and Peters, N.E., 1988, 
Specific conductance: theoretical considerations and 
application to analytical quality control: U.S. Geologi-
cal Survey Water-Supply Paper 2311, 16 p.)

Sea level, as used in this report, refers to one of the two 
commonly used national vertical datums (NGVD 1929 
or NAVD 1988). See separate entries for definitions of 
these datums. 
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Sediment is solid material that originates mostly from 
disintegrated rocks; when transported by, suspended 
in, or deposited from water, it is referred to as “fluvial 
sediment.” Sediment includes chemical and biochemi-
cal precipitates and decomposed organic material, 
such as humus. The quantity, characteristics, and cause 
of the occurrence of sediment in streams are affected 
by environmental and land-use factors. Some major 
factors are topography, soil characteristics, land cover, 
and depth and intensity of precipitation.

Sensible heat flux (often used interchangeably with 
latent sensible heat-flux density) is the amount of heat 
energy that moves by turbulent transport through the 
air across a specified cross-sectional area per unit time 
and goes to heating (cooling) the air. Usually 
expressed in watts per square meter. 

Seven-day, 10-year low flow (7Q10) is the discharge 
below which the annual 7-day minimum flow falls in  
1 year out of 10 on the long-term average. The recur-
rence interval of the 7Q10 is 10 years; the chance that 
the annual 7-day minimum flow will be less than the 
7Q10 is 10 percent in any given year. (See also 
“Annual 7-day minimum” and “Recurrence interval”)

Shelves, as used in this report, are streambank features 
extending nearly horizontally from the flood plain to 
the lower limit of persistent woody vegetation.

Sodium adsorption ratio (SAR) is the expression of 
relative activity of sodium ions in exchange reactions 
within soil and is an index of sodium or alkali hazard 
to the soil. Sodium hazard in water is an index that can 
be used to evaluate the suitability of water for irrigat-
ing crops.

Soil heat flux (often used interchangeably with soil 
heat-flux density) is the amount of heat energy that 
moves by conduction across a specified cross-sec-
tional area of soil per unit time and goes to heating  
(or cooling) the soil. Usually expressed in watts per 
square meter.

Soil-water content is the water lost from the soil upon 
drying to constant mass at 105 ° C; expressed either as 
mass of water per unit mass of dry soil or as the vol-
ume of water per unit bulk volume of soil. 

Specific electrical conductance (conductivity) is a 
measure of the capacity of water (or other media) to 
conduct an electrical current. It is expressed in micro-
siemens per centimeter at 25 ° C. Specific electrical 
conductance is a function of the types and quantity of 

dissolved substances in water and can be used for 
approximating the dissolved-solids content of the 
water. Commonly, the concentration of dissolved sol-
ids (in milligrams per liter) is from 55 to 75 percent of 
the specific conductance (in microsiemens). This rela-
tion is not constant from stream to stream, and it may 
vary in the same source with changes in the composi-
tion of the water.

Stable isotope ratio (per MIL) is a unit expressing the 
ratio of the abundance of two radioactive isotopes. Iso-
tope ratios are used in hydrologic studies to determine 
the age or source of specific water, to evaluate mixing 
of different water, as an aid in determining reaction 
rates, and other chemical or hydrologic processes.

Stage (See “Gage height”) 

Stage-discharge relation is the relation between the 
water-surface elevation, termed stage (gage height), 
and the volume of water flowing in a channel per unit 
time.

Streamflow is the discharge that occurs in a natural 
channel. Although the term “discharge” can be applied 
to the flow of a canal, the word “streamflow” uniquely 
describes the discharge in a surface stream course. The 
term “streamflow” is more general than “runoff” as 
streamflow may be applied to discharge whether or not 
it is affected by diversion or regulation. 

Substrate is the physical surface upon which an organ-
ism lives. 

Substrate embeddedness class is a visual estimate of 
riffle streambed substrate larger than gravel that is sur-
rounded or covered by fine sediment (<2 mm, sand or 
finer). Below are the class categories expressed as the 
percentage covered by fine sediment:

0 no gravel or larger substrate 3 26-50 percent

1 > 75 percent 4 5-25 percent

2 51-75 percent 5 < 5 percent

Surface area of a lake is that area (acres) encompassed 
by the boundary of the lake as shown on USGS topo-
graphic maps, or other available maps or photographs. 
Because surface area changes with lake stage, surface 
areas listed in this report represent those determined 
for the stage at the time the maps or photographs were 
obtained.
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Surficial bed material is the upper surface (0.1 to  
0.2 foot) of the bed material that is sampled using  
U.S. Series Bed-Material Samplers.

Surrogate is an analyte that behaves similarly to a target 
analyte, but that is highly unlikely to occur in a sam-
ple. A surrogate is added to a sample in known 
amounts before extraction and is measured with the 
same laboratory procedures used to measure the target 
analyte. Its purpose is to monitor method performance 
for an individual sample. 

Suspended is the amount (concentration) of undis-
solved material in a water-sediment mixture. Most 
commonly refers to that material retained on a  
0.45-micrometer filter.

Suspended, recoverable is the amount of a given con-
stituent that is in solution after the part of a representa-
tive water-suspended sediment sample that is retained 
on a 0.45-micrometer filter has been extracted or 
digested. Complete recovery is not achieved by the 
extraction or digestion procedures and thus the deter-
mination represents less than 95 percent of the constit-
uent present in the sample. To achieve comparability 
of analytical data, equivalent extraction or digestion 
procedures are required of all laboratories performing 
such analyses because different procedures are likely 
to produce different analytical results. (See also “Sus-
pended”)

Suspended sediment is sediment carried in suspension 
by the turbulent components of the fluid or by the 
Brownian movement (a law of physics). (See also 
“Sediment”)

Suspended-sediment concentration is the velocity-
weighted concentration of suspended sediment in the 
sampled zone (from the water surface to a point 
approximately 0.3 foot above the bed) expressed as 
milligrams of dry sediment per liter of water-sediment 
mixture (mg/L). The analytical technique uses the 
mass of all of the sediment and the net weight of the 
water-sediment mixture in a sample to compute the 
suspended-sediment concentration. (See also “Sedi-
ment” and “Suspended sediment”)

Suspended-sediment discharge (tons/d) is the rate of 
sediment transport, as measured by dry mass or vol-
ume, that passes a cross section in a given time. It is 
calculated in units of tons per day as follows: concen-
tration (mg/L) x discharge (ft3/s) x 0.0027. (See also 
“Sediment,” “Suspended sediment,” and “Suspended-
sediment concentration”)

Suspended-sediment load is a general term that refers 
to a given characteristic of the material in suspension 
that passes a point during a specified period of time. 
The term needs to be qualified, such as “annual sus-
pended-sediment load” or “sand-size suspended-sedi-
ment load,” and so on. It is not synonymous with 
either suspended-sediment discharge or concentration. 
(See also “Sediment”) 

Suspended solids, total residue at 105°C concentra-
tion is the concentration of inorganic and organic 
material retained on a filter, expressed as milligrams 
of dry material per liter of water (mg/L). An aliquot of 
the sample is used for this analysis.

Suspended, total is the total amount of a given constitu-
ent in the part of a water-sediment sample that is 
retained on a 0.45-micrometer membrane filter. This 
term is used only when the analytical procedure 
assures measurement of at least 95 percent of the con-
stituent determined. Knowledge of the expected form 
of the constituent in the sample, as well as the analyti-
cal methodology used, is required to determine when 
the results should be reported as “suspended, total.” 
Determinations of “suspended, total” constituents are 
made either by directly analyzing portions of the sus-
pended material collected on the filter or, more com-
monly, by difference, on the basis of determinations of 
(1) dissolved and (2) total concentrations of the con-
stituent. (See also “Suspended”)

Synoptic studies are short-term investigations of spe-
cific water-quality conditions during selected seasonal 
or hydro-logic periods to provide improved spatial res-
olution for critical water-quality conditions. For the 
period and conditions sampled, they assess the spatial 
distribution of selected water-quality conditions in 
relation to causative factors, such as land use and con-
taminant sources.

Taxa (Species) richness is the number of species (taxa) 
present in a defined area or sampling unit.

Taxonomy is the division of biology concerned with the 
classification and naming of organisms. The classifi-
cation of organisms is based upon a hierarchial 
scheme beginning with Kingdom and ending with 
Species at the base. The higher the classification level, 
the fewer features the organisms have in common. For 
example, the taxonomy of a particular mayfly, 
Hexagenia limbata, is the following:



Kingdom: Animal

Phylum: Arthropeda

Class: Insecta

Order: Ephemeroptera

Family: Ephemeridae

Genus: Hexagenia

Species: Hexagenia limbata
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Thalweg is the line formed by connecting points of min-
imum streambed elevation (deepest part of the chan-
nel).

Thermograph is an instrument that continuously 
records variations of temperature on a chart. The more 
general term “temperature recorder” is used in the 
table descriptions and refers to any instrument that 
records temperature whether on a chart, a tape, or any 
other medium.

Time-weighted average is computed by multiplying the 
number of days in the sampling period by the concen-
trations of individual constituents for the correspond-
ing period and dividing the sum of the products by the 
total number of days. A time-weighted average repre-
sents the composition of water resulting from the mix-
ing of flow proportionally to the duration of the 
concentration.

Tons per acre-foot (T/acre-ft) is the dry mass (tons) of a 
constituent per unit volume (acre-foot) of water. It is 
computed by multiplying the concentration of the con-
stituent, in milligrams per liter, by 0.00136. 

Tons per day (T/DAY, tons/d) is a common chemical or 
sediment discharge unit. It is the quantity of a sub-
stance in solution, in suspension, or as bedload that 
passes a stream section during a 24-hour period. It is 
equivalent to 2,000 pounds per day, or 0.9072 metric 
ton per day.

Total is the amount of a given constituent in a represen-
tative whole-water (unfiltered) sample, regardless of 
the constituent’s physical or chemical form. This term 
is used only when the analytical procedure assures 
measurement of at least 95 percent of the constituent 
present in both the dissolved and suspended phases of 
the sample. A knowledge of the expected form of the 
constituent in the sample, as well as the analytical 
methodology used, is required to judge when the 
results should be reported as “total.” (Note that the 
word “total” does double duty here, indicating both 
that the sample consists of a water-suspended sedi-

ment mixture and that the analytical method deter-
mined at least 95 percent of the constituent in the 
sample.)

Total coliform bacteria are a particular group of bacte-
ria that are used as indicators of possible sewage pollu-
tion. This group includes coliforms that inhabit the 
intestine of warmblooded animals and those that 
inhabit soils. They are characterized as aerobic or fac-
ultative anaerobic, gram-negative, nonspore-forming, 
rod-shaped bacteria that ferment lactose with gas for-
mation within 48 hours at 35 ° C. In the laboratory, 
these bacteria are defined as all the organisms that pro-
duce colonies with a golden-green metallic sheen 
within 24 hours when incubated at 35 ° C plus or 
minus 1.0 ° C on M-Endo medium (nutrient medium 
for bacterial growth). Their concentrations are 
expressed as number of colonies per 100 milliliters of 
sample. (See also “Bacteria”)

Total discharge is the quantity of a given constituent, 
measured as dry mass or volume, that passes a stream 
cross section per unit of time. When referring to con-
stituents other than water, this term needs to be quali-
fied, such as “total sediment discharge,” “total chloride 
discharge,” and so on.

Total in bottom material is the amount of a given con-
stituent in a representative sample of bottom material. 
This term is used only when the analytical procedure 
assures measurement of at least 95 percent of the con-
stituent determined. A knowledge of the expected 
form of the constituent in the sample, as well as the 
analytical methodology used, is required to judge 
when the results should be reported as “total in bottom 
material.”

Total length (fish) is the straight-line distance from the 
anterior point of a fish specimen’s snout, with the 
mouth closed, to the posterior end of the caudal (tail) 
fin, with the lobes of the caudal fin squeezed together.

Total load refers to all of a constituent in transport. 
When referring to sediment, it includes suspended 
load plus bed load. 

Total organism count is the number of organisms col-
lected and enumerated in any particular sample.  
(See also “Organism count/volume”)

Total recoverable is the amount of a given constituent 
in a whole-water sample after a sample has been 
digested by a method (usually using a dilute acid solu-
tion) that results in dissolution of only readily soluble 
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substances. Complete dissolution of all particulate 
matter is not achieved by the digestion treatment, and 
thus the determination represents something less than 
the “total” amount (that is, less than 95 percent) of the 
constituent present in the dissolved and suspended 
phases of the sample. To achieve comparability of ana-
lytical data for whole-water samples, equivalent diges-
tion procedures are required of all laboratories 
performing such analyses because different digestion 
procedures may produce different analytical results.

Total sediment discharge is the mass of suspended-
sediment plus bed-load transport, measured as dry 
weight, that passes a cross section in a given time. It is 
a rate and is reported as tons per day. (See also “Bed-
load,” “Bedload discharge,” “Sediment,” “Suspended 
sediment,” and “Suspended-sediment concentration”)

Total sediment load or total load is the sediment in 
transport as bedload and suspended-sediment load. 
The term may be qualified, such as “annual sus-
pended-sediment load” or “sand-size suspended-sedi-
ment load,” and so on. It differs from total sediment 
discharge in that load refers to the material, whereas 
discharge refers to the quantity of material, expressed 
in units of mass per unit time. (See also “Sediment,” 
“Suspended-sediment load,” and “Total load”)

Transect, as used in this report, is a line across a stream 
perpendicular to the flow and along which measure-
ments are taken, so that morphological and flow char-
acteristics along the line are described from bank to 
bank. Unlike a cross section, no attempt is made to 
determine known elevation points along the line.

Turbidity is an expression of the optical properties of a 
liquid that causes light rays to be scattered and 
absorbed rather than transmitted in straight lines 
through water. Turbidity, which can make water 
appear cloudy or muddy, is caused by the presence of 
suspended and dissolved matter, such as clay, silt, 
finely divided organic matter, plankton and other 
microscopic organisms, organic acids, and dyes 
(ASTM International, 2003, D1889-00 Standard test 
method for turbidity of water, in ASTM International, 
Annual Book of ASTM Standards, Water and Envi-
ronmental Technology, v. 11.01: West Conshohocken, 
Pennsylvania, 6 p.). The color of water, whether 
resulting from dissolved compounds or suspended par-
ticles, can affect a turbidity measurement. To ensure 
that USGS turbidity data can be understood and inter-
preted properly within the context of the instrument 
used and site conditions encountered, data from each 
instrument type are stored and reported in the National 

Water Information System (NWIS) using parameter 
codes and measurement reporting units that are spe-
cific to the instrument type, with specific instruments 
designated by the method code. The respective mea-
surement units, many of which also are in use interna-
tionally, fall into two categories: (1) the designations 
NTU, NTRU, BU, AU, and NTMU signify the use of a 
broad spectrum incident light in the wavelength range 
of 400-680 nanometers (nm), but having different light 
detection configurations; (2) The designations FNU, 
FNRU, FBU, FAU, and FNMU generally signify an 
incident light in the range between 780-900 nm, also 
with varying light detection configurations. These 
reporting units are equivalent when measuring a cali-
bration solution (for example, formazin or polymer 
beads), but their respective instruments may not pro-
duce equivalent results for environmental samples. 
Specific reporting units are as follows:

NTU (Nephelometric Turbidity Units): white or 
broadband [400-680 nm] light source, 90 degree 
detection angle, one detector.

NTRU (Nephelometric Turbidity Ratio Units): 
white or broadband [400-680 nm] light source,  
90 degree detection angle, multiple detectors with 
ratio compensation.

BU (Backscatter Units): white or broadband  
[400-680 nm] light source, 30 ± 15 degree detection 
angle (backscatter).

AU (Attenuation Units): white or broadband  
[400-680 nm] light source, 180 degree detection 
angle (attenuation).

NTMU (Nephelometric Turbidity Multibeam 
Units): white or broadband [400-680 nm] light 
source, multiple light sources, detectors at  
90 degrees and possibly other angles to each beam.

FNU (Formazin Nephelometric Units): near infra-
red [780-900 nm] or monochrome light source,  
90 degree detection angle, one detector.

FNRU (Formazin Nephelometric Ratio Units): near 
infrared [780-900 nm] or monochrome light source, 
90 degree detection angle, multiple detectors, ratio 
compensation.

FBU (Formazin Backscatter Units): near infrared 
[780-900 nm] or monochrome light source,  
30±15 degree detection angle.

FAU (Formazin Attenuation Units): near infrared 
[780-900 nm] light source, 180 degree detection 
angle.
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FNMU (Formazin Nephelometric Multibeam 
Units): near infrared [780-900 nm] or monochrome 
light source, multiple light sources, detectors at  
90 degrees and possibly other angles to each beam.

For more information please see  
http://water.usgs.gov/owq/FieldManual/Chapter6/
6.7_contents.html.

Ultraviolet (UV) absorbance (absorption) at 254 or 
280 nanometers is a measure of the aggregate concen-
tration of the mixture of UV absorbing organic materi-
als dissolved in the analyzed water, such as lignin, 
tannin, humic substances, and various aromatic  
compounds. UV absorbance (absorption) at 254 or  
280 nanometers is measured in UV absorption units 
per centimeter of path length of UV light through a 
sample.

Unconfined aquifer is an aquifer whose upper surface 
is a water table free to fluctuate under atmospheric 
pressure. (See “Water-table aquifer”)

Unfiltered pertains to the constituents in an unfiltered, 
representative water-suspended sediment sample.

Unfiltered, recoverable is the amount of a given con-
stituent in a representative water-suspended sediment 
sample that has been extracted or digested. Complete 
recovery is not achieved by the extraction or digestion 
treatment and thus the determination represents less 
than 95 percent of the constituent present in the sam-
ple. To achieve comparability of analytical data, equiv-
alent extraction or digestion procedures are required of 
all laboratories performing such analyses because dif-
ferent procedures are likely to produce different ana-
lytical results.

Vertical datum (See “Datum”)

Volatile organic compounds (VOCs) are organic com-
pounds that can be isolated from the water phase of a 
sample by purging the water sample with inert gas, 
such as helium, and, subsequently, analyzed by gas 
chromatography. Many VOCs are human-made chem-
icals that are used and produced in the manufacture of 
paints, adhesives, petroleum products, pharmaceuti-
cals, and refrigerants. They often are components of 
fuels, solvents, hydraulic fluids, paint thinners, and 
dry-cleaning agents commonly used in urban settings. 
VOC contamination of drinking-water supplies is a 
human-health concern because many are toxic and are 
known or suspected human carcinogens.

Water table is that surface in a ground-water body at 
which the water pressure is equal to the atmospheric 
pressure.

Water-table aquifer is an unconfined aquifer within 
which the water table is found. 

Water year in USGS reports dealing with surface-water 
supply is the 12-month period October 1 through 
September 30. The water year is designated by the cal-
endar year in which it ends and which includes 9 of the 
12 months. Thus, the year ending September 30, 2002, 
is called the “2002 water year.”

Watershed (See “Drainage basin”)

WDR is used as an abbreviation for “Water-Data 
Report” in the REVISED RECORDS paragraph to 
refer to State annual hydrologic-data reports. (WRD 
was used as an abbreviation for “Water-Resources 
Data” in reports published prior to 1976.)

Weighted average is used in this report to indicate 
discharge-weighted average. It is computed by multi-
plying the discharge for a sampling period by the con-
centrations of individual constituents for the 
corresponding period and dividing the sum of the 
products by the sum of the discharges. A discharge-
weighted average approximates the composition of 
water that would be found in a reservoir containing all 
the water passing a given location during the water 
year after thorough mixing in the reservoir.

Wet mass is the mass of living matter plus contained 
water. (See also “Biomass” and “Dry mass”)

Wet weight refers to the weight of animal tissue or other 
substance including its contained water.  
(See also “Dry weight”)

WSP is used as an acronym for “Water-Supply Paper” 
in reference to previously published reports.

Zooplankton is the animal part of the plankton. Zoop-
lankton are capable of extensive movements within the 
water column and often are large enough to be seen 
with the unaided eye. Zooplankton are secondary con-
sumers feeding upon bacteria, phytoplankton, and 
detritus. Because they are the grazers in the aquatic 
environment, the zooplankton are a vital part of the 
aquatic food web. The zooplankton community is 
dominated by small crustaceans and rotifers. (See also 
“Plankton”)

http://water.usgs.gov/owq/FieldManual/Chapter6/6.7_contents.html
http://water.usgs.gov/owq/FieldManual/Chapter6/6.7_contents.html
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TECHNIQUES OF WATER-RESOURCES 
INVESTIGATIONS OF THE 

U.S. GEOLOGICAL SURVEY

The USGS publishes a series of manuals, the Tech-
niques of Water-Resources Investigations, describing 
procedures for planning and conducting specialized 
work in water-resources investigations. The material is 
grouped under major subject headings called books and 
is further divided into sections and chapters. For exam-
ple, section A of book 3 (Applications of Hydraulics) 
pertains to surface water. The chapter, the unit of publi-
cation, is limited to a narrow field of subject matter. 
This format permits flexibility in revision and publica-
tion as the need arises.

Reports in the Techniques of Water-Resources Investi-
gations series, which are listed below, are online at  
http://water.usgs.gov/pubs/twri/. Printed copies are for 
sale by the USGS, Information Services, Box 25286, 
Federal Center, Denver, Colorado 80225 (authorized 
agent of the Superintendent of Documents, Government 
Printing Office), telephone 1-888-ASK-USGS. Please 
telephone 1-888-ASK-USGS for current prices, and 
refer to the title, book number, chapter number, and 
mention the “U.S. Geological Survey Techniques of 
Water-Resources Investigations.” Products can then be 
ordered by telephone, or online at http://www.usgs.gov/
sales.html, or by FAX to (303) 236-4693 of an order 
form available online at http://mac.usgs.gov/isb/pubs/
forms/. Prepayment by major credit card or by a check 
or money order payable to the “U.S. Geological Survey” 
is required.

Book 1. Collection of Water Data by Direct Measure-
ment

Section D. Water Quality

1–D1. Water temperature—Influential factors, field 
measurement, and data presentation, by  
H.H. Stevens, Jr., J.F. Ficke, and G.F. Smoot: 
USGS–TWRI book 1, chap. D1. 1975. 65 p.

1–D2. Guidelines for collection and field analysis of 
ground-water samples for selected unstable 
constituents, by W.W. Wood: USGS–TWRI 
book 1, chap. D2. 1976. 24 p.

Book 2. Collection of Environmental Data

Section D. Surface Geophysical Methods

2–D1. Application of surface geophysics to ground-
water investigations, by A.A.R. Zohdy, G.P. 
Eaton, and D.R. Mabey: USGS–TWRI book 2, 
chap. D1. 1974. 116 p.

2–D2. Application of seismic-refraction techniques to 
hydrologic studies, by F.P. Haeni: USGS–
TWRI book 2, chap. D2. 1988. 86 p.

Section E. Subsurface Geophysical Methods

2–E1. Application of borehole geophysics to water-
resources investigations, by W.S. Keys and 
L.M. MacCary: USGS–TWRI book 2,  
chap. E1. 1971. 126 p.

2–E2. Borehole geophysics applied to ground-water 
investigations, by W.S. Keys: USGS–TWRI 
book 2, chap. E2. 1990. 150 p.

Section F. Drilling and Sampling Methods

2–F1. Application of drilling, coring, and sampling 
techniques to test holes and wells, by Eugene 
Shuter and W.E. Teasdale: USGS–TWRI  
book 2, chap. F1. 1989. 97 p.

Book 3. Applications of Hydraulics

Section A. Surface-Water Techniques 

3–A1. General field and office procedures for indirect 
discharge measurements, by M.A. Benson and 
Tate Dalrymple: USGS–TWRI book 3,  
chap. A1. 1967. 30 p.

3–A2. Measurement of peak discharge by the slope-
area method, by Tate Dalrymple and M.A. 
Benson: USGS–TWRI book 3, chap. A2. 1967. 
12 p.

3–A3. Measurement of peak discharge at culverts by 
indirect methods, by G.L. Bodhaine: USGS–
TWRI book 3, chap. A3. 1968. 60 p.

3–A4. Measurement of peak discharge at width 
contractions by indirect methods, by H.F. 
Matthai: USGS-TWRI book 3, chap. A4. 1967. 
44 p.

3–A5. Measurement of peak discharge at dams by 
indirect methods, by Harry Hulsing: USGS–
TWRI book 3, chap. A5. 1967. 29 p.

3–A6. General procedure for gaging streams, by 
R.W. Carter and Jacob Davidian: USGS–
TWRI book 3, chap. A6. 1968. 13 p.

3–A7. Stage measurement at gaging stations, by  
T.J. Buchanan and W.P. Somers: USGS–
TWRI book 3, chap. A7. 1968. 28 p.

3–A8. Discharge measurements at gaging stations, 
by T.J. Buchanan and W.P. Somers: USGS–
TWRI book 3, chap. A8. 1969. 65 p.

http://water.usgs.gov/pubs/twri/
http://www.usgs.gov/sales.html
http://www.usgs.gov/sales.html
http://mac.usgs.gov/isb/pubs/forms/
http://mac.usgs.gov/isb/pubs/forms/
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3–A9. Measurement of time of travel in streams  
by dye tracing, by F.A. Kilpatrick and  
J.F. Wilson, Jr.: USGS–TWRI book 3,  
chap. A9. 1989. 27 p.

3–Al0. Discharge ratings at gaging stations, by  
E.J. Kennedy: USGS–TWRI book 3,  
chap. A10. 1984. 59 p.

3–A11. Measurement of discharge by the moving-boat 
method, by G.F. Smoot and C.E. Novak: 
USGS–TWRI book 3, chap. A11. 1969. 22 p.

3–A12. Fluorometric procedures for dye tracing, 
Revised, by J.F. Wilson, Jr., E.D. Cobb, and 
F.A. Kilpatrick: USGS–TWRI book 3,  
chap. A12. 1986. 34 p.

3–A13. Computation of continuous records of 
streamflow, by E.J. Kennedy: USGS–TWRI 
book 3, chap. A13. 1983. 53 p.

3–A14. Use of flumes in measuring discharge, by  
F.A. Kilpatrick and V.R. Schneider: USGS–
TWRI book 3, chap. A14. 1983. 46 p.

3–A15. Computation of water-surface profiles in open 
channels, by Jacob Davidian: USGS–TWRI 
book 3, chap. A15. 1984. 48 p.

3–A16. Measurement of discharge using tracers, by 
F.A. Kilpatrick and E.D. Cobb: USGS–TWRI 
book 3, chap. A16. 1985. 52 p.

3–A17. Acoustic velocity meter systems, by Antonius 
Laenen: USGS–TWRI book 3, chap. A17. 
1985. 38 p.

3–A18. Determination of stream reaeration 
coefficients by use of tracers, by F.A. 
Kilpatrick, R.E. Rathbun, Nobuhiro Yotsukura, 
G.W. Parker, and L.L. DeLong: USGS–TWRI 
book 3, chap. A18. 1989. 52 p.

3–A19. Levels at streamflow gaging stations, by  
E.J. Kennedy: USGS–TWRI book 3,  
chap. A19. 1990. 31 p.

3–A20. Simulation of soluble waste transport and 
buildup in surface waters using tracers, by 
F.A. Kilpatrick: USGS–TWRI book 3,  
chap. A20. 1993. 38 p.

3–A21 Stream-gaging cableways, by C. Russell 
Wagner: USGS–TWRI book 3, chap. A21. 
1995. 56 p.

Section B. Ground-Water Techniques

3–B1. Aquifer-test design, observation, and data 
analysis, by R.W. Stallman: USGS–TWRI 
book 3, chap. B1. 1971. 26 p.

3–B2. Introduction to ground-water hydraulics, a 
programed text for self-instruction, by G.D. 
Bennett: USGS–TWRI book 3, chap. B2. 1976. 
172 p.

3–B3. Type curves for selected problems of flow to 
wells in confined aquifers, by J.E. Reed: 
USGS–TWRI book 3, chap. B3. 1980. 106 p.

3–B4. Regression modeling of ground-water flow, by 
R.L. Cooley and R.L. Naff: USGS–TWRI 
book 3, chap. B4. 1990. 232 p.

3–B4. Supplement 1. Regression modeling of ground-
water flow—Modifications to the computer 
code for nonlinear regression solution of 
steady-state ground-water flow problems, by 
R.L. Cooley: USGS–TWRI book 3, chap. B4. 
1993. 8 p.

3–B5. Definition of boundary and initial conditions in 
the analysis of saturated ground-water flow 
systems—An introduction, by O.L. Franke, 
T.E. Reilly, and G.D. Bennett: USGS–TWRI 
book 3, chap. B5. 1987. 15 p.

3–B6. The principle of superposition and its 
application in ground-water hydraulics, by 
T.E. Reilly, O.L. Franke, and G.D. Bennett: 
USGS–TWRI book 3, chap. B6. 1987. 28 p.

3–B7. Analytical solutions for one-, two-, and three-
dimensional solute transport in ground-water 
systems with uniform flow, by E.J. Wexler: 
USGS–TWRI book 3, chap. B7. 1992. 190 p.

3–B8. System and boundary conceptualization in 
ground-water flow simulation, by T.E. Reilly: 
USGS–TWRI book 3, chap. B8. 2001. 29 p.

Section C. Sedimentation and Erosion Techniques

3–C1. Fluvial sediment concepts, by H.P. Guy: 
USGS–TWRI book 3, chap. C1. 1970. 55 p.

3–C2. Field methods for measurement of fluvial 
sediment, by T.K. Edwards and G.D. Glysson: 
USGS–TWRI book 3, chap. C2. 1999. 89 p.

3–C3. Computation of fluvial-sediment discharge, by 
George Porterfield: USGS–TWRI book 3, 
chap. C3. 1972. 66 p.
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Book 4. Hydrologic Analysis and Interpretation

Section A. Statistical Analysis

4–A1. Some statistical tools in hydrology, by  
H.C. Riggs: USGS–TWRI book 4, chap. A1. 
1968. 39 p.

4–A2. Frequency curves, by H.C. Riggs: USGS–
TWRI book 4, chap. A2. 1968. 15 p.

4–A3. Statistical methods in water resources, by  
D.R. Helsel and R.M. Hirsch: USGS–TWRI 
book 4, chap. A3. 1991. Available only online 
at http://water.usgs.gov/pubs/twri/twri4a3/. 
(Accessed August 30, 2002.)

Section B. Surface Water

4–B1. Low-flow investigations, by H.C. Riggs: 
USGS–TWRI book 4, chap. B1. 1972. 18 p.

4–B2. Storage analyses for water supply, by  
H.C. Riggs and C.H. Hardison: USGS–TWRI 
book 4, chap. B2. 1973. 20 p.

4–B3. Regional analyses of streamflow 
characteristics, by H.C. Riggs: USGS–TWRI 
book 4, chap. B3. 1973. 15 p.

Section D. Interrelated Phases of the Hydrologic Cycle

4–D1. Computation of rate and volume of stream 
depletion by wells, by C.T. Jenkins: USGS–
TWRI book 4, chap. D1. 1970. 17 p.

Book 5. Laboratory Analysis

Section A. Water Analysis

5–A1. Methods for determination of inorganic 
substances in water and fluvial sediments, by 
M.J. Fishman and L.C. Friedman, editors: 
USGS–TWRI book 5, chap. A1. 1989. 545 p.

5–A2. Determination of minor elements in water by 
emission spectroscopy, by P.R. Barnett and 
E.C. Mallory, Jr.: USGS–TWRI book 5,  
chap. A2. 1971. 31 p.

5–A3. Methods for the determination of organic 
substances in water and fluvial sediments, 
edited by R.L. Wershaw, M.J. Fishman, R.R. 
Grabbe, and L.E. Lowe: USGS–TWRI book 5, 
chap. A3. 1987. 80 p.

5–A4. Methods for collection and analysis of aquatic 
biological and microbiological samples, by 
L.J. Britton and P.E. Greeson, editors: USGS–
TWRI book 5, chap. A4. 1989. 363 p.

5–A5. Methods for determination of radioactive 
substances in water and fluvial sediments, by 

L.L. Thatcher, V.J. Janzer, and K.W. Edwards: 
USGS–TWRI book 5, chap. A5. 1977. 95 p.

5–A6. Quality assurance practices for the chemical 
and biological analyses of water and fluvial 
sediments, by L.C. Friedman and D.E. 
Erdmann: USGS–TWRI book 5, chap. A6. 
1982. 181 p.

Section C. Sediment Analysis

5–C1. Laboratory theory and methods for sediment 
analysis, by H.P. Guy: USGS–TWRI book 5, 
chap. C1. 1969. 58 p.

Book 6. Modeling Techniques

Section A. Ground Water

6–A1. A modular three-dimensional finite-difference 
ground-water flow model, by M.G. McDonald 
and A.W. Harbaugh: USGS–TWRI book 6, 
chap. A1. 1988. 586 p.

6–A2. Documentation of a computer program to 
simulate aquifer-system compaction using the 
modular finite-difference ground-water flow 
model, by S.A. Leake and D.E. Prudic: USGS–
TWRI book 6, chap. A2. 1991. 68 p.

6–A3. A modular finite-element model (MODFE) for 
areal and axisymmetric ground-water-flow 
problems, Part 1: Model Description and 
User’s Manual, by L.J. Torak: USGS–TWRI 
book 6, chap. A3. 1993. 136 p.

6–A4. A modular finite-element model (MODFE) for 
areal and axisymmetric ground-water-flow 
problems, Part 2: Derivation of finite-element 
equations and comparisons with analytical 
solutions, by R.L. Cooley: USGS–TWRI book 
6, chap. A4. 1992. 108 p.

6–A5. A modular finite-element model (MODFE) for 
areal and axisymmetric ground-water-flow 
problems, Part 3: Design philosophy and 
programming details, by L.J. Torak: USGS–
TWRI book 6, chap. A5. 1993. 243 p.

6–A6. A coupled surface-water and ground-water 
flow model (MODBRANCH) for simulation of 
stream-aquifer interaction, by Eric D. Swain 
and Eliezer J. Wexler: USGS–TWRI book 6, 
chap. A6. 1996. 125 p.

6–A7. User’s guide to SEAWAT: A computer 
program for simulation of three-dimensional 
variable-density ground-water flow, by 
Weixing Guo and Christian D. Langevin: 
USGS–TWRI book 6, chap. A7. 2002. 77 p.

http://water.usgs.gov/pubs/twri/twri4a3/
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Book 7. Automated Data Processing and Computa-
tions

Section C. Computer Programs

7–C1. Finite difference model for aquifer simulation 
in two dimensions with results of numerical 
experiments, by P.C. Trescott, G.F. Pinder, and 
S.P. Larson: USGS–TWRI book 7, chap. C1. 
1976. 116 p.

7–C2. Computer model of two-dimensional solute 
transport and dispersion in ground water, by 
L.F. Konikow and J.D. Bredehoeft: USGS–
TWRI book 7, chap. C2. 1978. 90 p.

7–C3. A model for simulation of flow in singular and 
interconnected channels, by R.W. Schaffranek, 
R.A. Baltzer, and D.E. Goldberg: USGS–
TWRI book 7, chap. C3. 1981. 110 p.

Book 8. Instrumentation

Section A. Instruments for Measurement of Water 
Level 

8–A1. Methods of measuring water levels in deep 
wells, by M.S. Garber and F.C. Koopman: 
USGS–TWRI book 8, chap. A1. 1968. 23 p.

8–A2. Installation and service manual for U.S. 
Geological Survey manometers, by J.D. Craig: 
USGS–TWRI book 8, chap. A2. 1983. 57 p.

Section B. Instruments for Measurement of Discharge

8–B2. Calibration and maintenance of vertical-axis 
type current meters, by G.F. Smoot and C.E. 
Novak: USGS–TWRI book 8, chap. B2. 1968. 
15 p.

Book 9. Handbooks for Water-Resources Investiga-
tions

Section A. National Field Manual for the Collection of 
Water-Quality Data

9–A1. National field manual for the collection of 
water-quality data: Preparations for water 
sampling, by F.D. Wilde, D.B. Radtke, Jacob 

Gibs, and R.T. Iwatsubo: USGS–TWRI  
book 9, chap. A1. 1998. 47 p.

9–A2. National field manual for the collection of 
water-quality data: Selection of equipment for 
water sampling, edited by F.D. Wilde,  
D.B. Radtke, Jacob Gibs, and R.T. Iwatsubo: 
USGS–TWRI book 9, chap. A2. 1998. 94 p.

9–A3. National field manual for the collection of 
water-quality data: Cleaning of equipment for 
water sampling, edited by F.D. Wilde, D.B. 
Radtke, Jacob Gibs, and R.T. Iwatsubo: 
USGS–TWRI book 9, chap. A3. 1998. 75 p.

9–A4. National field manual for the collection of 
water-quality data: Collection of water 
samples, edited by F.D. Wilde, D.B. Radtke, 
Jacob Gibs, and R.T. Iwatsubo: USGS–TWRI 
book 9, chap. A4. 1999. 156 p.

9–A5. National field manual for the collection of 
water-quality data: Processing of water 
samples, edited by F.D. Wilde, D.B. Radtke, 
Jacob Gibs, and R.T. Iwatsubo: USGS–TWRI 
book 9, chap. A5. 1999, 149 p.

9–A6. National field manual for the collection of 
water-quality data: Field measurements, edited 
by F.D. Wilde and D.B. Radtke: USGS–TWRI 
book 9, chap. A6. 1998. Variously paginated.

9–A7. National field manual for the collection of 
water-quality data: Biological indicators, 
edited by D.N. Myers and F.D. Wilde: USGS–
TWRI book 9, chap. A7. 1997 and 1999. 
Variously paginated.

9–A8. National field manual for the collection of 
water-quality data: Bottom-material samples, 
by D.B. Radtke: USGS–TWRI book 9,  
chap. A8. 1998. 48 p.

9–A9. National field manual for the collection of 
water-quality data: Safety in field activities, by 
S.L. Lane and R.G. Fay: USGS–TWRI book 9, 
chap. A9. 1998. 60 p.
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