






http://www.leg.state.or.us/ors/672.html
http://arcweb.sos.state.or.us/rules/OARS_800/OAR_809/809_tofc.html
http://www.leg.state.or.us/ors/672.html


http://www.leg.state.or.us/ors/672.html
http://www.wrd.state.or.us/
http://www.deq.state.or.us/


http://www.ohd.hr.state.or.us/
http://www.leg.state.or.us/ors/537.html
http://www.wrd.state.or.us/
http://arcweb.sos.state.or.us/rules/OARS_600/OAR_690/690_tofc.html


http://www.epa.gov/




http://www.leg.state.or.us/ors/672.html
http://www.deq.state.or.us/




http://soils.usda.gov/








http://arcweb.sos.state.or.us/rules/OARS_800/OAR_809/809_050.html
http://arcweb.sos.state.or.us/rules/OARS_800/OAR_809/809_050.html


http://www.leg.state.or.us/ors/672.html
http://www.leg.state.or.us/ors/672.html






http://www.oregon.gov/osbge
http://www.oregon.gov/osbge
http://www.oregon.gov/osbge


http://www.astm.org/




http://www.leg.state.or.us/ors/537.html
http://www.leg.state.or.us/ors/537.html
http://www.leg.state.or.us/ors/537.html


 June 10, 2005   
 

  Page II-9 

Recharge (AR) and Aquifer Storage and 
Recovery (ASR) systems, and including reporting 
requirements.  To fulfill these requirements, 
hydrogeology reports are typically prepared to 
support AR/ASR projects, including a Feasibility 
Study and associated reports supporting the 
development of a work plan to implement a Pilot 
Testing phase, and additional reports 
documenting the recharge program results.   

4.6 Geothermal Systems, Springs, 
and Wells 

This section covers the major differences that 
should be addressed for thermal aquifer studies 
in addition to the relevant hydrogeologic 
information (i.e., geology, regional and local 
aquifers) described in the main body of the 
guidelines.  If applicable to your project, describe 
and illustrate the thermal characteristics (e.g., 
temperatures significantly greater than regional or 
local surface water, or groundwater) and 
chemical plume characteristics (i.e., high 
concentrations of silica, boron, fluoride, sulfate or 
hydrogen sulfide gas relative to cooler regional 
and local waters) of the thermal aquifer.  Describe 
potential connections with other aquifer systems.  
When planning to conduct or conducting work 
involving geothermal aquifers, it should be 
remembered that DOGAMI is the regulatory 
authority for this type of work.   

As with normal aquifers, these systems should be 
investigated and described using the methods 
listed in these guidelines.  Some differences and 
exceptions as noted below.   

4.6.1 Sampling Methods and Chemical 
Analysis 

Several guidance documents are available to 
assist in assessing and describing thermal 
waters.  Typically the protocol used is very similar 
to that described in the DSIR New Zealand 
publication titled, “Collection and Analysis of 
Geothermal and Volcanic Water and Gas 
Samples” by Giggenbach and Goguel (1989), and 
the United Nations Unitar publication titled, 
“Applications of Geochemistry in Geothermal 
Reservoir Development” edited by Franco 
D’Amore, Rome 1991.  A good reference is the 
USGS online field manual titled, “U.S. Geological 

Survey Techniques of Water Resources 
Investigations”, Book 9”.   

Include descriptions of chemical analyses utilized 
in the analysis phase of thermal systems.  Typical 
analysis includes: pH, silicon dioxide (SiO2), 
boron (B), lithium (Li), sodium (Na), potassium 
(K), magnesium (Mg), rubidium (Rb), chloride 
(Cl), bromine (Br), sulfate (SO4), total bicarbonate 
(HCO3), ammonia (NH3), deuterium, and oxygen-
18 isotopes, (with iron [Fe] and aluminum [Al] 
reserved for acidic samples).  Quality assurance 
protocols should be explained, such as duplicate 
sampling conducted to monitor consistency in the 
laboratory’s analytical quality assurance program. 

4.6.2 Geothermal Modeling  

The models used in handling geothermal 
reservoirs typically are limited to less than three, 
with the Tuff II model originally developed at 
Lawrence Livermore Laboratories (Livermore, 
California) being the most popular and useful.  
Whichever model is used, describe the model 
and its parameters used, similar to those 
described below in Section 9.0.    

4.7 Suggested Data Sources 

Although not exhaustive, the following are readily 
data sources applicable to groundwater use and 
development issues: 

� OWRD:   

� Groundwater Resource Information 
Distribution (GRID)  

� Water Rights Information System (WRIS) 
databases 

� District Watermasters Offices 

� Oregon Department of Human Services 
Drinking Water Program 

� County and City Land-Use Planning 
Departments 

� Oregon Fish & Wildlife (ODF&W) Oregon 
Rivers Information System (ORIS) database  

� Oregon Division of State Lands (DSL) 
Wetlands Program 

� National Wetland Inventory Maps 

http://water.usgs.gov/pubs/twri/
http://stamp.wrd.state.or.us/apps/gw/well_log/well_log.php
http://egov.oregon.gov/OWRD/WR/wris.shtml
http://www.dfw.state.or.us/
http://www.oregon.gov/DSL/index.shtml
http://www.nwi.fws.gov/
http://water.usgs.gov/pubs/twri/
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� U.S. Environmental Protection Agency 
Geographic Information System (GIS) 
database 

� U.S. Geological Survey, such as Open-File 
Reports on groundwater use.   

 

5.0 GROUNDWATER QUALITY 

An assessment of groundwater quality often is 
part of a hydrogeologic investigation and may be 
of primary concern in some studies.  Typically, 
the objective is to determine the native 
groundwater quality and then determine if there 
have been, or are likely to be any, changes to 
groundwater quality that may impact the project 
or the resource.  

Water quality data may be presented in graphs 
(i.e., time-series plots) or other illustrations of 
groundwater quality.  Presentation and 
assessment of time-series plots of measured 
water quality parameters and statistical analyses 
of data are important components to many 
groundwater quality investigations.   

In projects involving an aquifer in hydraulic 
connection with surface water, there should also 
be an assessment of the surface and 
groundwater quality relationships.   

Depending on the scope of the project and data, 
the section of the report covering water quality 
should describe whether groundwater quality 
appears to vary spatially and identify potential 
causes of any observed variations (i.e., naturally 
occurring seasonal or pumping-induced 
changes).    

It often is useful to assess groundwater quality 
from several perspectives.  Federal, State, or 
local groundwater quality standards, including 
enforceable standards, if addressed in a report, 
should be referenced and cited. 

5.1 Review of Existing 
Groundwater Quality Data 

Describe sources of existing information on 
general groundwater quality in the area and 
aquifer of interest.  Include a description of 
naturally occurring physical, inorganic, and 

organic constituents.  If there is a potential for 
water quality impacts from contamination, land 
use, or other causes, describe the constituents of 
concern. 

5.2 Water Quality Assessment 

A water quality assessment should describe the 
water quality analysis and discuss the 
significance of reported results.  In addition, the 
overall quality and representativeness should be 
described for the tested samples, and indicate 
whether additional sampling is needed to allow a 
more full assessment.  Typically, a report 
appendix should include the full laboratory report 
for all analyses and a data table summarizing 
results listed by well identification or sampling 
date. 

Standards for water quality vary depending on the 
situation, and impact or use of the water (i.e., 
health-based standards for drinking water, 
ecologically based standards, and other uses, 
such as agriculture and industry).   

Generally describe data objectives and data 
quality objectives, and when applicable, reference 
the sampling and analysis plan used to assess 
groundwater quality for the project site.   

Describe or summarize field methods for sample 
collection, field water quality parameter 
measurement, sample preservation, and sample 
custody.  Include information on chain-of-custody 
procedures (provide forms); instrument calibration 
(for field equipment); and laboratory quality 
assurance and quality control, detection limits, 
and laboratory certifications.  Some of this 
information may be included in the report section 
describing methods of data collection. 

5.3 Water Quality Modeling 

Document the model used, input parameters, and 
simplifying assumptions.  Provide appropriate 
literature reference for the modeling, and show 
governing equations and how the model 
calculates concentrations.  The reporting of water 
quality modeling should follow the 
recommendations in Section 9.0 below.   

http://or.water.usgs.gov/
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5.3.1 Analytical Solute Transport Modeling 

Document the model used, input parameters, and 
simplifying assumptions.  Provide appropriate 
literature reference for the modeling, and show 
governing equations and how the model 
calculates concentrations.   

5.3.2 Numerical Solute Transport or 
Contaminant Fate Modeling 

Document the model used, input parameters, and 
simplifying assumptions (see Section 9.0).  
Provide the appropriate literature reference for 
the model used, showing governing equations, 
and explain how the model calculates 
concentrations.   

5.4 Groundwater Contamination 

Groundwater contaminant assessments typically 
are coordinated with the DEQ.  Geologists 
conducting these types of assessments are 
referred to the appropriate regional DEQ office 
staff for further guidance.  Additional information 
is provided at the DEQ website. 

 

6.0 ANALYSIS PROCEDURES AND 
METHODS 

Hydrogeology reports should document and 
present data analysis pertaining to groundwater 
flow and aquifer hydraulics.  The discussion 
typically begins with groundwater (contour) maps, 
proceeds through the various methods used to 
characterize physical and hydraulic aquifer 
properties, and finishes with a discussion of 
groundwater flow analysis.  

6.1 Groundwater Data Analysis and 
Methods 

The foundation of accurate groundwater maps is 
the collection of accurate water-level information 
from wells that are properly installed, maintained, 
and optimally located.  Reports of field and 
laboratory activities document the implemented 
programs for the reader, and need to be as 
complete and accurate as possible.   

6.1.1 Aquifer Head Measurements and 
Maps 

Water levels or piezometric data maps are 
essential components of hydrogeologic reports.  
These maps should present the geologist’s 
interpretation of the groundwater elevation data 
collected during an investigation, and depict the 
horizontal and vertical directions of groundwater 
flow.  

Note the method used to establish the location 
and elevation of well casing reference mark(s) 
used to compute water level elevations, and the 
associated accuracy or uncertainty associated 
with using these elevations.   

Note the time period the data were collected in 
and whether or not external influences such as 
precipitation, changes in atmospheric pressure or 
pumping were taken into account in the analysis.  
Use and document the appropriate number of 
data points (i.e., wells) in constructing water table 
maps, potentiometric maps, and flow nets.   

Separate maps are normally prepared for 
different data sets; these data sets may be 
organized according to time/date of data 
collection or by aquifer/water-bearing zone.   

6.1.1.1 Comparison of Software and 
Manual Mapping Methods 

When software is used to illustrate groundwater 
elevation contours and estimated flow directions, 
the boundary conditions or control points are not 
easily observable by the reader.  The report 
should identify those conditions and indicate how 
the software or its parameters was modified to 
address those elements.  In addition, the results 
should be compared with manually derived 
contours and flow directions.  

6.1.1.2 Comparison of Local and Regional 
Groundwater Conditions 

Cite local or site-specific groundwater maps used 
to evaluate groundwater flow of the project and 
limited surrounding area.  Cite other sources of 
groundwater maps such as those published by 
the USGS, OWRD (i.e., for the Klamath, Portland, 
Deschutes, and Willamette Basins), other 
agencies or organizations, universities, or 
consulting firms.   

http://or.water.usgs.gov/projs_dir/projpage.html
http://or.water.usgs.gov/projs_dir/projpage.html
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6.1.2 Groundwater Flow Analysis 

Document the various analytical methods used to 
analyze groundwater flow, including hydraulic 
gradient calculation, determining geologic 
properties such as particle size and porosity, 
performing flow analysis using Darcy’s Law, 
analyzing data from aquifer (pumping) tests, and 
conducting tracer tests.  

6.1.2.1 Hydraulic Gradient Calculation 

Groundwater flow should be described as a 3- 
dimensional system, although flow in the 
horizontal sense or vertical sense are often 
treated separately in hydrogeologic studies.  
Describe the horizontal potentiometric surface 
and vertical gradients for each aquifer or 
hydrostratigraphic unit of concern.  A report 
containing gradient calculations should 
document: 

� The well water levels used in determining the 
gradient(s) and the time of year the data were 
collected;  

� The distance along the flow path used in the 
calculation;  

� The horizontal gradient (vertical feet per 
horizontal foot);  

� The vertical gradient in vertical feet per 
vertical feet (i.e. the distance between the 
zones measured), and   

� The groundwater flow direction or vertical 
gradient direction (up or down).   

6.1.2.2 Sieve Analysis 

State whether the sample particle sizes are field 
estimates or laboratory derived.  If laboratory 
derived, cite the method used to determine 
particle size (i.e., ASTM D1921-01 Standard test 
method for particle size of plastic material; and 
ASTM D422-63 (2002) Standard test method for 
the particle size analysis of soils).  A report 
including sieve-size analysis should include: 

� Field observations made during sample 
collection;  

� Documentation of the type of field or 
laboratory method used;  

� The sample collection date;  

� The time the sample is in storage and 
transport to the laboratory;  

� Quantitative laboratory results (if applicable);  

� ASTM report requirements; and  

� The sieve-size analysis results. 

6.1.2.3 Porosity 

Reports with porosity data should include the field 
notes and mapped sample collection locations, 
the laboratory results, and the method(s) used to 
calculate porosity.   

6.1.2.4 Hydraulic Properties - Slug or Bail 
Testing Analysis 

Report relevant information on the well design, 
construction, and testing conditions when 
conducting a slug test analysis.  State the test 
data limitations, including the range of aquifer 
hydraulic properties that can reasonably be 
tested and how conditions adjacent to the well 
may not be representative of the bulk aquifer 
properties.  Online software is available for use in 
conducting these analyses.  A report for a project 
using slug or bail testing should document: 

� Test dates;  

� Wells tested, and the number of times tests 
were repeated on each well; 

� Pre-testing water levels;  

� An explanation for the selection of the test 
used;  

� The volume of water added to or removed 
from each well;   

� Well construction details (i.e., well depth, 
inside diameter of well screen and well 
casing, filter pack material, and information on 
well development);   

� Length and location of the well screen;   

� The response of the aquifer to the test, and 
the time of each reading measured as hours, 
minutes, and seconds from start of test;   

� The name of the data file on the data logger, if 
an electronic data logger and pressure 
transducer are used;   

http://water.usgs.gov/pubs/of/ofr02197
http://www.astm.org/
http://www.astm.org/
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� Discussions of pre- and post-test water-level 
trends;  

� Barometric effects (and, if necessary, 
barometric corrections); 

� The analysis method for estimating hydraulic 
conductivity and associated governing 
equations;  

� The rationale for the selected methods;  

� The result of the analysis; and 

� Disposition of the withdrawn test water.   

6.1.2.5 Hydraulic Properties - Aquifer and 
Pumping Test Analysis 

The two most common well tests are the variable 
discharge, or step-rate, test that is primarily used 
to evaluate well hydraulics and the constant-rate 
pumping test that is primarily used to evaluate 
aquifer hydraulics.  Refer also to 5.3 well 
monitoring and testing.  The pumping test 
analysis should document the following: 

� The date and duration of the pumping test;  

� The type of aquifer tested (i.e., sand and 
gravel, fractured bedrock);  

� The pumping-test design (i.e., pumping rates, 
included wells, expected test duration);  

� Information on the test pump and associated 
equipment (i.e., manufacturer’s pump curve, 
rated horsepower, depth setting, how flow 
controlled, measured, and discharged) 

� The well logs for the pumping and observation 
wells; the radial distance between wells, if 
these distances are used in the analysis (i.e., 
to estimate storativity or to perform distance-
drawdown analysis);  

� The saturated thickness of the aquifer;  

� The method of analysis used to calculate 
aquifer properties (i.e., Theis method or Jacob 
method) and the governing assumptions of 
each method used, and the technique use 
(i.e., software, manual curve fitting or 
automated curve fitting);  

� Plots of the data with clearly labeled well 
identifiers and date/time of test.  Include at a 
minimum an arithmetic hydrograph of time 

versus water level (i.e., drawdown and 
recovery), semi-logarithmic time versus 
drawdown and logarithmic time versus 
drawdown, plus additional plots depending on 
the analytical methods used;  

� The rationale for the selected methods;  

� Documentation or references on any software 
tools used to perform the pumping test 
analysis;  

� The direction of groundwater flow prior to the 
test;  

� The times of measurements, and the 
drawdown noted in each of the observations 
wells and in the pumping well;  

� The recovery data and associated analyses;  

� Copies of the data plots, equations, units, and 
calculations; and 

� The calculation of well and aquifer hydraulic 
parameters based on the data from the 
pumping tests (transmissivity [T], specific 
storage [S],). 

� What portion of the data (i.e., early time, late 
time, recovery) are being used to estimate 
aquifer parameters and why.   

For step tests, show the time-drawdown data for 
each step, and provide documentation of the 
analysis performed on the data to evaluate well 
losses.  Software tools are available that make it 
possible to estimate T with step test data.  If 
used, document the methods of analysis and the 
software tool used.  

6.1.2.6 Tracer Tests 

A tracer may be naturally occurring in the 
environment, or artificially introduced into the 
subsurface.  DEQ allows tracer tests that comply 
with OAR 340-044-0011(5)(e).  Tracer test 
reports should include: 

� Information on the tracer used;  

� The wells involved in the testing program;  

� The geology and hydrogeology of the 
monitored aquifer;  

� The measurement method(s) used; and 

� The test results. 

http://arcweb.sos.state.or.us/rules/OARs_300/OAR_340/340_044.html
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Successful tracer testing requires good planning.  
Include the plan for the tracer test in the report.   

6.2 Groundwater Flow 
Characterization 

The hydrogeology report may include further 
characterization of groundwater flow that applies 
the values using a basic Darcy analysis or other 
analyses.  Reports including analysis of 
groundwater flow on the basis of Darcy’s Law 
should clearly depict the source of data used in 
the analysis, including assumptions about certain 
variables such as porosity, and always illustrate 
the analysis by including the Darcy equation(s).  
Reports containing Darcy flow and velocity 
calculations should include:  

� The method(s) used to calculate velocity;  

� Explanation of Darcy’s Law and illustration of 
the equation(s) used;  

� Justification of the parameters chosen for the 
equations (i.e., porosity and hydraulic 
conductivity values); and 

� The results of the calculation. 

6.3 Other Types of Flow Analyses 

There are numerous other applications of Darcy’s 
Law and other groundwater flow principles in the 
solving of common hydrogeologic problems.  
These may include one or more of the following:  

� Excavation dewatering assessment 

� Wellhead protection area delineations 

� Well interference analysis 

� Stream depletion analysis 

� Infiltration (storm water) assessment 

The documentation principles for these types of 
analyses are similar to those already described.  
The hydrogeologist should clearly present the 
data, explain the assumptions, and illustrate the 
analysis using equations, maps, cross sections, 
other figures, and graphs as appropriate.   

6.4 Contaminant Data Analysis and 
Methods 

Reports for studies that incorporate 
environmental water samples should document 
full field and laboratory Quality Assurance/Quality 
Control (QA/QC) program elements, providing 
sufficient duplicate samples, trip blanks, and 
equipment blanks, depending on the sampling 
methods used and the project specific work plan.   

The DEQ Laboratory is certified by the National 
Environmental Laboratory Accreditation Program 
(NELAP) to serve as a national environmental 
laboratory accreditation authority.  The Oregon 
Environmental Laboratory Accreditation Program 
(ORELAP) accredits laboratories for testing used 
to analyze environmental samples.   

If the laboratory used for a study is not ORELAP 
certified, then basic quality control data sheets 
need to be included in the report with the 
laboratory data.  All data must conform to EPA 
approved methods contained in various sources 
of EPA Standard Test Methods.  Explain the use 
of other methods that deviate from the approved 
methods based on the needs of the relevant 
agency that will review the report.  

EPA Requirements for Quality Assurance Project 
Plans (2001) should be referenced to determine 
the QA program needs and expectations.   

USGS maintains an on line Field Manual at that 
was generated to support consistency in the 
scientific methods and procedures used by 
USGS, and in the methods used to document 
those methods and procedures.  This manual can 
offer relevant information to establish a sound 
and credible sampling program.   

DEQ also has several guidance documents 
available online for implementing a field sampling 
program and analyzing samples.   

Reports with the results from a sampling program 
should include: 

� A project description;  

� A list of project members and their 
responsibilities;  

� A description of the sampling program;  

http://www.epa.gov/nerlesd1/land-sci/nelac/nelap.html
http://www.deq.state.or.us/ lab/orelap/orelap.htm.
http://www.epa.gov/epahome/index/sources.htm
http://water.usgs.gov/owq/FieldManual/
http://www.deq.state.or.us/lab/qa/techdocs.htm
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� Field data collection procedures;  

� Field documentation and procedures;  

� Field equipment calibration and analyses;  

� The number and type of QC samples to be 
collected and submitted for analysis (i.e., trip 
and equipment blanks, rinsate blanks, or 
duplicate samples);  

� The results of testing, the methods used, and 
minimum detection limits that laboratories 
achieved when analyzing the samples;  

� The analytical QC results or information that 
the laboratory used during the program is 
certified by ORELAP for the analyses 
conducted; and 

� Additional sampling, analytical, or QA/QC 
requirements that deviate from approved 
methods.   

 

7.0 NUMERICAL MODEL 
DOCUMENTATION 

Groundwater flow models typically consist of two 
parts:  the data set and the computer code.  All 
pertinent components of the conceptual model, 
numerical model construction, and model code 
should be documented in a report section on 
numerical modeling. 

The reporting should allow reviewers and 
decision makers to formulate their own opinions 
as to the credibility of the model.  Present the 
modeling findings, procedures, and assumptions 
inherent in the study area in detail enough that an 
independent modeler could duplicate the model 
results.   

Information presented in these guidelines is 
paraphrased or derived directly from two primary 
sources: 1) ASTM Standard D5447-93; and 2) 
Anderson and Woessner, 1991. 

The application of a groundwater model ideally 
would follow several basic steps to achieve an 
acceptable representation of the physical 
hydrogeologic system and to document the 
results of the model study.  The primary study 
steps that should be included in modeling 
documentation are: 

� The primary study steps that should be 
included in modeling documentation are: 

� Define the study area, study objectives, and 
model objectives;  

� Develop a conceptual model with estimated 
uncertainties;  

� Describe the model design and modeling 
results, including information on calibration 
and sensitivity testing, as well as any 
verification studies;  

� Describe model limitations;  

� Summarize significant findings and 
conclusions;  

� Document references; 

� Develop appendices that include supporting 
data. 

These steps are designed to ascertain and 
document an understanding of a system, the 
transition from conceptual model to mathematical 
model, and the degree of uncertainty in the model 
predictions.  The use of these guidelines to 
develop and document a groundwater flow model 
does not guarantee that the model is valid. 

7.1 Define the Study Area, Study 
Objectives, and Model 
Objectives 

The study area, study objectives, and model 
objectives should be clearly defined before 
starting a modeling project to provide the reader 
with a basis for evaluating the validity of the 
modeling application and the results.  The 
objectives and scale of a study dictate the 
approach, modeling code, design, and data 
needs.  A model constructed to accomplish 
particular objectives at a particular study area 
may not be suitable for accomplishing a different 
set of objectives at the same area.   

http://www.deq.state.or.us/lab/orelap/orelap.htm
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7.2 Conceptual Model - 
Understanding of the 
Hydrogeologic Setting 

7.2.1 Geologic Framework 

Describe the distribution and configuration of 
aquifers and confining units.  Of primary 
importance to document are the thickness, 
continuity, grain size and fracture distribution, and 
geologic structures of those units that are 
relevant to the purpose of the study.  

7.2.2 Hydrologic Framework 

Describe the hydrologic framework in the 
conceptual model includes the physical extents of 
the aquifer system, hydraulic features that impact 
or control the groundwater flow system, analysis 
of groundwater flow directions, media type, and 
porosity and permeability.  The conceptual model 
should address the degree to which the aquifer 
system behaves as a porous media (fracture or 
matrix porosity and permeability, or both).  

7.2.3 Hydraulic Properties 

Document field and laboratory measurements of 
the hydraulic properties used in the conceptual 
model and to set bounds or acceptable ranges for 
guiding model calibration.  

7.2.4 Sources and Sinks 

Sources and sinks of water to the aquifer system 
impact the pattern of groundwater flow.  The most 
common examples of sources and sinks include 
recharge, evapotranspiration, pumping wells, 
flowing wells, injection wells, drains, and flow to 
or from surface water bodies.  Identify and 
describe sources and sinks within the aquifer 
system in the conceptual model.  The description 
includes the rates and temporal variability of the 
sources and sinks. 

7.2.5 Hydrologic balance  

Quantifying sources and sinks should include a 
discussion of methods of estimating or calculating 
the various parts of the hydrologic balance.  

7.2.6 Data Deficiencies and Potential Error 
Sources 

Provide an analysis of data deficiencies and 
potential sources of error with the conceptual 
model.  The conceptual model usually contains 
areas of uncertainty, because of the lack of field 
data.  Identify these areas and their significance 
to the conceptual model evaluated with respect to 
project objectives.  

7.3 Model Design and Results 

Indicate the purpose of the modeling exercise.  
State the code used, the relation between the 
parameter values used in the model and those 
used to formulate the conceptual model, 
calibration targets and procedures, modeling 
results, and a demonstration of model 
sensitivities.  Describe the appropriate use of the 
simulation results. 

7.3.1 Computer Code Description 

The computer code that was used should be 
described and why that particular code was 
selected.  Only a reference citation is needed to 
describe the code if a well-documented, public-
domain code is used without modification.   

7.3.2 Model Construction 

Describe how the conceptual model was 
translated to the grid of the numerical model.  The 
description should include how space and time 
were descretized, how model boundaries were 
defined, and how parameter values were 
assigned to each node or element of the model 
grid.  

7.3.3 Spatial and Temporal Dimensionality 

The selection of a two-, three-, or quasi three-
dimensional approach should be justified based 
on the conceptual model of the flow system.  
Specify the temporal dimensionality used in the 
model. 

7.3.4 Spatial Discretization 

In numerical models such as Modflow (McDonald 
and Harbaugh,1988), spatial discretization is a 
critical step in the model construction process.  
The number of grid blocks or elements and the 
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number of nodes in the grid should be specified.  
The relation between hydrogeologic units and 
model layers, as well as locations of model 
boundaries should be illustrated.  

7.3.5 Temporal Discretization 

The temporal discretization (i.e., number and size 
of time steps) used in the model should be 
specified in the model report.  Describe the stress 
periods.   

7.3.6 Boundary Conditions 

Specify the boundary conditions used in the 
model should be specified in the model report. 

7.3.7 Initial Conditions 

Initial conditions provide a starting point for 
transient model calculations.  In numerical 
groundwater flow models, the initial conditions 
consist of hydraulic heads (and surface water 
levels) specified at the beginning of the 
simulation.  Specify the origin of the initial 
conditions. 

7.3.8 Hydraulic Properties 

Clearly state the source of the hydraulic property 
values used in the model.   

7.3.9 Stresses 

Discuss the method and rationale used to assign 
stresses.  The types of stresses and assumptions 
made in locating the stresses should be 
described in the text.   

7.3.10 Calibration  

Describe how model calibration was achieved.  
Illustrations and statistics should be included in 
the report to show the similarities and differences 
between the observed and simulated values.  
Multiple types of data should be used in model 
calibration.  Models calibrated to only head data 
or flow data are often of limited use. 

7.3.11 Sensitivity analysis 

Document the sensitivity of the modelling results 
to variations made to parameter values, grid size, 
boundary conditions, and calibration criteria.  
Discuss and justify the scope of the sensitivity 

analysis and provide a set of illustrations showing 
the results of the analyses.   

7.3.12 Predictive Simulations 

Document all the data inputs and assumptions 
used in predictive simulations.  Describe 
thoroughly the changes made to the model to 
generate the predictive change.   

7.3.13 Model Limitations 

State modeling limitations and assumptions, and 
discuss the reliability of the calibration and the 
sensitivity of the model to various parameters in 
the context of the assumptions used in 
constructing the model.  Also discuss the degree 
of uncertainty of the model predictions and the 
appropriate use of the modeling results.  An 
option is to suggest future work to modify or 
improve the model.  

7.3.14 Summary and Conclusions 

Present a brief summary of the modeling results 
that include important information learned from 
the modeling effort.  List conclusions derived from 
the modeling effort.   

7.3.15  References 

Provide a complete list of references that help 
support all aspects of the modeling study.  

7.3.16 Appendices 

Appendices should contain additional or 
supplemental information such as documentation 
of modified computer code or listings of the code.  
Compilations of geologic logs, well inventories, 
water level measurements, determinations of 
hydraulic parameters, and details of hydrologic 
balance calculations also should be included to 
support the discussions in the text.  If data input 
files are not included in the appendices, the 
accessibility and location of these files must be 
mentioned in the text.   

 

8.0 CONCLUSIONS 

Conclusions and Recommendations must be 
based and supported by information and data 
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provided in the report.  Further, they must follow 
defensible scientific practices.  The conclusions 
section is not the place to present an issue or 
data for the first time in a report.  Issues 
presented in a conclusions section must be 
based on data presented and discussed 
previously in a report.   

 

9.0 RECOMMENDATIONS 

While recommendations may assist the client in 
evaluating a potential next phase of work for a 
project, some clients may prefer that 
recommendations be prepared and submitted 
separately, and if this is the case the report 
should clearly state this 

Explain in the report whether recommendations 
are provided and if so how and where the reader 
might obtain that information.   

 

10.0 REFERENCES AND DATA 
SOURCES 

A basic foundation of hydrogeology reports is the 
inclusion of technical references as with any 
report of a scientific nature.  If a reference is not 
given, then the author is suggesting credit for the 
data or idea.  While reference styles may vary 
widely, depending upon agency or firm styles, a 
common and useful reference guide for the 
presentation and listing of references is found in 
Suggestions to Authors of the Reports of the 
USGS (1991; page 234).   

 

11.0 FIGURES, MAPS, PLATES, AND 
DIAGRAMS 

Figures, maps, plates, diagrams, charts, and 
other data illustration tools are important to the 
interpretation of hydrogeology reports.  Maps 
should be prepared on a suitable topographic 
base or aerial photograph, at an appropriate 
scale with satisfactory horizontal and vertical 
control.  Figures should provide enough 
information to be useful but not so all-inclusive 

that they do not get the message across to the 
reader.   

Typical hydrogeology report maps should show: 

� An outline of the study area with major 
geographic features, 

� The location of the study basin or regional 
study boundaries, 

� Study areas of the U.S. Geological Survey 
Water-Supply Papers, State of Oregon 
Groundwater Reports, and other published 
maps in the study area or region, 

� The surficial extent or expression of 
hydrogeologic units, 

� The distribution of various data , such as 
distribution of average annual effective 
recharge for various systems, total 
groundwater pumping volumes in the study 
area. 

Diagrams should indicate: 

� Geologic cross-sections, 

� Hydrogeologic sections, 

� Topographic sections, 

� Fence diagrams, 

� The extent and thickness of aquifer units, 

� Water levels for aquifer units, 

� Daily water level fluctuations in wells, 

� The regional relation between generalized 
geologic units and hydrogeologic units, 

� Statistical distributions of hydraulic 
conductivity, specific capacity, or other aquifer 
properties of hydrogeologic units, 

� Chemical data distribution, 

� Grids and layers for cross-sectional 
groundwater flow models, 

� Model grids and layers with pathlines. 

Charts should illustrate: 

� Mean annual and mean monthly precipitation, 

� Mean monthly discharge for the study area 
major streams or tributaries, 

� Water-level hydrographs, 
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� Contaminant fate and transport maps, 

� Groundwater modeling results. 

The above examples may not apply to all 
hydrogeology report but are commonly included.  
Overall, report maps should include:   

� Scale (or indicate the map is not to scale), 

� North arrow, 

� Units of measurement or count, 

� Representative site features, 

� References to the date of groundwater data 
collection, and associated supporting data 
(i.e., field forms, spreadsheets). 

 

12.0 TABLES 

Tables are important tools to be used for the 
interpretation of collected data and provide the 
user/reviewer the ability to quickly scan a data 
set.  Tables should not be a substitute for 
properly showing spatial data trends represented 
by figures.  Data tables should be formatted to 
clearly show trends.  If selected data are used in 
the table, there should be a note in the table 
stating this.   

Typical hydrogeology report tables include: 

� Discharge characteristics for selected rivers; 

� Data collection summary, 

� Analytical results, 

� Well inventories, 

� Precipitation and recharge rates, 

� Groundwater pumping rates and volumes, 

� Statistical summaries of water-quality 
characteristics, 

� Data estimations, calculations, and results, 

� Model grid system information, 

� Stream and spring inventories and locations, 
properties, and discharge rates for cross-
sectional flow models, 

� Hydraulic characteristics used in models, 

� Flow budgets for cross-sectional models. 

Driller’s log data generally should utilize the data 
provided by the OWRD well log search database 
output.   

 

13.0 APPENDICES 

As with any report, appendices present data 
supportive of the main text of the report.  While it 
is not necessary to be exhaustive in inclusion, 
appendices may contain such information as: 

� Boring and well logs;  

� Laboratory reports;   

� Raw data (i.e., field sheets);   

� Groundwater modeling data and results and 
calibration inputs;  

� Water analysis methods used; and 

� Other material that supports the text, tables, 
or figures, for example model files on CD. 

There is considerable flexibility as to how the 
main body of the report is organized as well as 
the content of technical appendices.  The 
methods, results and analyses of field 
investigations often are placed in technical 
appendices, along with data presentations, and 
copies of technical documents that are necessary 
to make the report as complete as possible.   

 

14.0 DISCLAIMER 

Professional judgment is required in preparing a 
hydrogeology report.  As such, these guidelines 
are intended to describe many of the topics that 
should be considered when preparing 
hydrogeology reports and may be used in tandem 
with other guidelines, as applicable.  On projects 
encompassing a broad spectrum of work in 
geology, engineering geology, water resources, 
environmental hydrogeology, or other areas of 
hydrogeology, federal, State, and local guidelines 
should also be considered.  These guidelines will 
be revised as warranted. 

The nature and scope of hydrogeology studies 
range from the very simple to the highly complex.  
The Board understands that it is neither possible 
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nor necessary to institute a single standard to the 
preparation of hydrogeology reports.  Within the 
broad range of project types, it is useful to 
consider a general subdivision of projects into two 
general types:  

� A “preliminary” study typically limited to the 
review and interpretation of existing data, 
sufficient to result in a qualitative 
understanding of the groundwater system.    

� A study that builds on existing data by 
collecting new information, (frequently 
involving some form of subsurface 
exploration, testing, and data analyses) and 
results in a more quantitative understanding 
of the groundwater system.   

This format is not applicable to all hydrogeology 
reports (particularly those for multi-phase or 
multidiscipline projects) provided that appropriate 
references are cited.   

In addition, reporting guidelines already exist (as 
developed by State agencies (i.e., Oregon 
Department of Environmental Quality [DEQ]) for 
contaminant-focused groundwater investigations 
and reports that are performed as part of 
remedial investigation/feasibility studies (RI/FS) 
studies at contamination sites.   

It is suggested that hydrogeology reports 
prepared by Oregon registrants follow these 
general guidelines.  Further, reports explain 
reasons for deviating from the guidelines.  While 
not comprehensive, these guidelines attempt to 
cover basic topics encountered during 
preparation of typical hydrogeology reports.  Not 
all items would be applicable to each project site.  
Therefore, professional discretion is 
recommended in trying to apply all of the topics 
presented here to every project and resulting 
subsequent reports.  These guidelines will be 
revised as warranted. 
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