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Identifying Potential Groundwater
Problem Areas in Western Marion County
using a Geographic Information System

I. Introduction

Since its conception in the early 1 970's, Oregon's land use program has

provided state and county governments with a comprehensive and unique

collection of rural land use policies. Hidden within the many legislative acts,

administrative regulations and court rulings is a complex program designed to

corroborate the efforts of state and county government. While the state's role

includes the development of polices and goals and overseeing operations at the

local level, the county is responsible for initiating and implementing planning

studies and creating comprehensive plans and zoning ordinances (Pease 1994).

Nestled within Oregon's complex land use program is a framework of

planning goals designed to protect and preserve the state's natural resources. For

example, under Goal 5 of the program, county governments work towards

conserving open space and protecting natural and scenic resources. In order to

comply with this policy, studies designed to inventory open spaces and to assess

the quantity of natural and scenic resources are often initiated at the county level

(Pease 1994).

Although Goal 5 provides the impetus for a wide array of planning studies,

many of the projects are concerned with groundwater depletion issues. In light of

these concerns, the Marion County Planning Division (Salem) has recently

instigated a project designed to delineate potential groundwater problem areas
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within the western portion of the county. This paper is an overview of the

project, providing general information on the techniques, data sources, data

analysis and study findings.

Project Overview:

The main objective of the study was to identify potential groundwater

problem areas in Western

Marion County using a

geographic information

system (GIS) and the

Oregon Water Resources

Department's (OWRD's)

well log database (see

figure 1). Potential

groundwater problem areas

were identified based on

their mean static water

level. According to well

-igure 1:
log data definitions within

area

OWRD's well log user's guide (1990), static water level is defined as "the

stabilized level or elevation of the water surface in a well not being pumped."

There are nearly 20,000 such well logs in Marion Co., and the majority have a

static water level denoted in the well log database.
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Since each well log has a water level attribute value and a section

designator, it was possible to summate the water level values, divide by the

number of well logs, and arrive at a mean static water level for each section in the

county. The well construction date was then used to divide the data into pre-

1 980 (1 905-1 979) and post-i 980 (1 980-1 994) portions. By separating the data

into two time periods, it was possible to estimate the change in mean static water

level for each section.

The mean water level, along with the change in level between the pre-1980

and post-i 980 data, were both used to identify potential groundwater problem

areas. In the context of this study, a potential groundwater problem area is

defined as any section with a mean static water level greater than 1 75 feet and/or

a change in level of 100 feet or more.

Project Objectives:

During the initial phase of the study, a set of objectives were established in

order to provide a foundation for the project. The three primary goals for the

study were:

1. To utilize OWRD's well log database and a GIS to obtain information
about static water levels in Western Marion County.

2. To estimate the mean static water level for sections in the study area,
and use that information to identify potential groundwater problem areas.

3. To divide the well log database into pre-1980 and post-1980 portions,
calculate the change in mean static water level between the two time
periods, and use that information to identify potential groundwater problem
areas.
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Hardware and Software:

The project utilized Environmental Systems Research Institute's (ESRI's)

Arclnfo 7.0.4 software running on a HP UNIX 9.0.3 workstation with 96

megabytes of RAM and 2 gigabytes of hard-disk space. The Marion Salem Data

Center provided technical support throughout the project via a local area network

(LAN). A Hewlett Packard DesignJet 650C was used to plot maps, and a tape

system writing to a 90 meter DOS data cartridge ensured that all work was

backed up.

II. Techniques

A GIS is the preferred tool for storing, manipulating, querying and displaying

cumbersome amounts of geographic data. And since the OWRD well log database

contains information on nearly 20,000 well logs in Marion County, a GIS approach

was thought to be a good choice for the project. Additionally, since well locations

are demarcated in the well log database by township, range and section identifiers

(see figure 4), it made sense to create a Public Land Survey (PLS) polygon

coverage of the county where each polygon represented a section on the ground.

The polygon attribute table (PAT) could then be used to organize attribute values

(see figure 2), such as change in mean static water level (diff_wtr item) and the

number of well logs per section (freq_all item). Once the important attribute

values were housed within the PAT, the production of maps was a fairly simple

procedure (see figure 2).
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Figure 2: Hecord from polygon attribute table
of the PLS coverage for Section 29 of Town-
ship 3S Range 2W. Displays the number of
well logs recorded between 1 905 and 1 994
(freq all), 1 905 and 1 979 (freq pre80), and
1980 through 1994 (freq80on). Also includes
data on mean static water level for the entire
dataset (mean wtr all), 1 905-1 979 (mean wtr-
pre80) and 1 980-1 994 (mean wtr 8Oon).

Data Source:

The OWRD's well log database was the sole source of data for the project.

The relevant well information was stored in two datafiles (maritest.dat and

mariroot.dat) which contained records for nearly 20,000 well logs recorded

between 1905 and 1994 (see figures 3 and 4). The necessary data for the project

included the identification number, location, static water level and date of

construction for each well (see figures 3 and 4).

Once the datafiles were opened in a spreadsheet and the appropriate

information was extracted (see figures 3 and 4), the next step involved

transferring the data to Arcinfo. A few simple commands were used to import the

two comma delimited ASCII datafiles into Arcinfo tables.
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The well identification number for each well log served as the unique item

for joining of the Arcinfo tables (see figures 3 and 4). With this item, it was

possible to merge the township, range and section identifiers (see figure 4) for

each well log with the static water level and date of construction (see figure 3).

Figure 3: Sample from OWRD's comma delimited well log database (maritest.dat).
Well identification number (5), static water level (41 .0) and date of construction
(03/26/1 990) are noted in bold type.

Figure 4: Sample from OWRD's comma
delimited well log database (mariroot.dat)
showing well identification number (5),
township (6S), range (2W) and section (32)
in bold type.

Data Manipulation:

Once the township, range, section, static water level and date of

construction attribute values from the ASCII datafiles were successfully stored in



Arclnfo tables, manipulation of the data was needed in order to calculate the

number of well logs and the mean static water level for each polygon (section).

For example, in order to relate the Arclnfo tables (see chart 1), a common item

was needed. The PAT (PLS coverage) contained a township, range and section

identifier for each polygon (see figure 2). The Arclnfo table created from the two

ASCII datafiles also contained this same information (see figure 5). Both data sets

were manipulated in such a way as to group the township, range and section

attributes into one item, TRS (see figure 5). Once this new item was created, it

was possible to relate the PAT with the table displayed in figure 5.

In addition to grouping township, range and section identifiers into one item

(TRS), it was also necessary to separate the well log database into pre-i 980 and

post-i 980 portions. This was rudimentary since a construction date was available

for each well log (see figure 5). Those records with a date prior to 1980 were

queried and written to a new table (see figure 6).

VEAR

I 5 41 600S200W32 1990
2 12 QOS 1 00W32 1990
3 14 : ............................ S 1.00W13 1990
4 24 2641.: .:j 5O2.00W11 1990

5 25 93 600S1 QOWI 1990
6 27 10 5OQS....2OW17 1990
7 31 11 9OJ82OW34 1990
B 33 60oSiV1 1990
9 34 252 6.005 1 00W35 1990
10 35 24 8.00S2.00W2 139,
11 78 18 4,00S2.00W36 198r.1

Figure 5: Arclnfo table showing township, range and section identifiers
grouped as one item (IRS). Data for record 1 in bold type displays well log
number (5), static water level (41), section (32), township (6S), range
(2W) and year (1990).
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Record TRS FREGPRE8O MEAN WTR PRE8O
4.00S 2.00W36 18 29

3 3.00S 1 .00W22 1 62
4 3.00S 1 00W25 1 35
5 3.00S 1.00W32 41 29
6 3.00S 1 .00W33 1 7 40
7 3.00S 100W34 12 43
8 3.00S 200W29 8 36
9 3.00S 2.00W31 5 56
10 3.00S200W32 3 28
11 400S20QW17 6 35
12 3.00S ac 1 49
13 4.00S 100W 1 4 53
14 4 OOS 1 OOW11 25 47
15 400S100W2 23 74
16 400S00W3 5 48

1-igure b: Arcinto table showing number ot well logs (treq preU tern)
and mean static water eve! (mean wtrpre8O item) for 1 6 sections
(IRS item) in Western Marion Co. (1905-1 979).

This same function was also used to create an additional table comprised of

well log data recorded between 1 980 and 1 994 (see figure 7). Once the data

were divided, it was possible to compare the number of well logs and to calculate

the change in mean static water level between the pre-1980 and post-i 980 data.

1 6.00S 2.00W32 6 44
2 3OOS 1.00W32 13 46
3 6.00S 1.00W13 2 117
4 5.00S2.00WI1 1 26
5 6.00SIOOW1 1 93
6 5.00S200W17 3 22
7 9.00S2.00W34 2 10
8 6.00S 100W35 3 112
9 8.00S200W2 19 44

10 7.00S2.00W17 2 32
11 3.00S 1 00W 4 1 32
12 3.00S 1,00W 8 1 76
13 4.00S 1.00WI1 16 52
14 400S 1.00W23 2 39
1 5 3.00S 1 00W33 4 55

1-igure I: Arcinto taoie showing number ot well logS (treq Uon item)
and mean static water level (mean wtr 8Oon item ) for 1 5 sections
(TRS item) in Western Marion Co. (1980-1994).



Data Limitations:

Although the well log data served useful for detecting potential groundwater

problem areas, there were limitations associated with its use. For example, many

of the well log records were incomplete, missing either a township, range and

section identifier or value for the static water level. In those situations the

township, range and section fields were empty and the static water level was

either unavailable or a value of -99999 was substituted in its place.

Although the lack of data for several well logs was considered a problem, an

even greater concern was the small number of sections with well log data from

both the pre-1 980 and post-i 980 periods. There were only 496 sections in the

county with well log records from both periods. And of these 496 sections, many

had only two or three well logs recorded between 1 905 and 1 994. But since this

was only a preliminary study and the primary goal was to target potential

groundwater problem areas, this matter was not dealt with in any great detail.

In addition to restrictions imposed by a lack of data, there was also concern

regarding the error associated with the methods in which the well log data were

gathered. For example, there were bound to be human errors associated with the

recording and transferring of static water level data for the nearly 100 years that it

were collected. This study, however, was designed to provide information on the

location of potential groundwater problem areas, and thus doesn't concentrate on

the ramifications associated with the use of the well log data.



Map Production:

Although there were limitations associated with the use of the well log data,

the information became extremely useful once incorporated into a GIS. Prior to

employing the capabilities of a GIS to query and display the data, the well log

database had minimal utility. Although simple queries were possible within a

spreadsheet or database in the past, a GIS offers a more impressive set of

functions for visually displaying the information. And because of this capability, a

GIS was relied upon for the creation of maps for the project.

A total of seven maps evolved from the study (see chart 1). They display

information on: 1) mean static water level; 2) potential groundwater problem areas

(mean static water level > 175 feet); 3) mean static water level (1905-1 979); 4)

mean static water level (1980-1994); 5) change in mean static water level; 6)

potential groundwater problem areas (change in mean static water level > 100

feet); and 7) urban areas (reference map).

Map #1: Mean Static Water Level (1905-1994)

Map #1, depicting the mean static water level for sections in Western

Marion Co., was shaded based on the mean wtr all item in the coverage (PLS)

PAT (see figure 2 and map #1). The attribute values for the mean_wtr_all item

were calculated with Arclnfo's summary statistics function. This procedure

summated the number of well logs (freq_all item) and estimated the mean static

water level (mean wtr all item) for each section (see figure 2). Although the

10



U,

(I

I-

V

I-

-

U)

I-

U,
U,
I..

U)
0
I-

U)
0
I-
I-

Map #1
Mean Static Water Level (1905-1994)

Western Marion Co.

R4W R3W R2W R1W R1E R2E

SCALE 1:350000

01234

MILES

(feet below surface)

E nodata <=75

<= 25 <= 100

<= 50 <= 150

<= 200

<= 250
11



number of well logs was not displayed on Map #1, the information served useful

for analyzing the number of well records in each section.

Once Map #1 was finished and visually interpreted, it was determined that

there were several sections with relatively deep mean static water levels. In order

to study those areas in greater detail, sections with a mean_wtr_aII item attribute

value greater than 1 75 feet were queried, and the resulting records were

outputted as an ASCII textfile. The location, number of well logs and mean static

water level for potential groundwater problem areas were then displayed in tabular

format (see Table 1).

Map #2: Potential Groundwater Problem Areas

Map #2 displays information on sections in the county with a mean static

water level greater than or equal to 175 feet (see map #2). In the context of this

study, those sections were considered potential groundwater problem areas.

In order to produce Map #2, attribute values greater than or equal to 1 75

for the mean_wtr_alf item in the PAT were selected (see figure 2). Fourteen

records matched or exceeded that value (see table 1). Those sections were then

shaded based on their mean static water level.

Map #3: Mean Static Water Level (1905-1979)

In order to determine if sections in Western Marion Co. have experienced a

change in mean static water level over time, well log data were separated into pre-

1980 and post-i 980 portions. Map #3, which depicts information on well logs

12
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recorded between 1 905 and 1 979, was created from attribute values for the

mean wtr pre80 item in the coverage (PLS) PAT (see figures 2 and 6 and map

#3). Attribute values for the mean wtrpre80 item were initially calculated and

stored in a separate Arcinfo table (see figure 6). Once the information was

complete, this table was joined with the coverage (PLS) PAT using the TRS item

(see chart 1).

Map #4: Mean Static Water Level (1980-1994)

Map #4 was based on attribute values stored in the mean_wtr_8Oon item of

the coverage (PLS) PAT (see figure 2 and map #4). The data on mean static

water level were based on well logs recorded between 1 980 and 1 994. Values

for the mean_wtr_8Oon item were initially calculated and stored in a separate

Arclnfo table (see figure 7). This table was then joined to the coverage (PLS) PAT

using the TRS item (see chart 1).

Since the same color scheme and criteria were used for both the pre-1980

and post-i 980 maps, they were designed to be interpreted side-by-side so as to

visually assess changes in mean static water level between the two periods. In

addition, by having both the pre-1 980 and post-i 980 maps available, it was

possible to draw conclusions regarding the amount of data from each time period.

Map #5: Change in Mean Static Water Level

In order to estimate the change in mean static water level between the pre-

1980 and the post-1980 data, attribute values stored in the mean_wtr_800n item
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were subtracted from those in the mean_wtrpre80 item. The difference was

stored in a new item, diff_wtr (see figure 2). Attribute values for the diff_wtr item

were then used to produce a shade map depicting the amount of change (see map

#5).

Map #6: Potential Groundwater Problem Areas

Since the diff_wtr item of the coverage (PLS) PAT contained values for the

difference in mean static water level between the pre-1 980 and the post-i 980

data, it was a simple process to select out those records with a diff_wtr value less

than -100 (see chart 1). Sixteen records were found to meet or exceed the -100

foot threshold (see table 2). Once the appropriate polygons were identified, the

information was portrayed as a shade map (see map #6).

Although there were over 300 sections in the county with a negative

diff_wtr value, only those exceeding the -100 threshold were identified as potential

groundwater problem areas. The location, number of well logs (pre-1 980 and

post-i 980), mean static water level and diff_wtr value for each potential

groundwater problem area were unloaded from Arclnfo as an ASCII textfile (see

table 2).

Map #7: Urban Areas

Map #7 displays the locations of urban areas in Western Marion County,

and was designed as a reference tool to be used while interpreting maps 1-6.

18.
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Chart 1: Technical flowchart for the project showing the evolution of maps 1-6 and tables 1 and 2.

Data from the OWRD well log database included well identification number, township, range,
section (mariroot.dat), static water level and date of construction (maritest.dat). These data were

merged into three Arcinfo tables. These tables were then joined with the PAT using the TRS item.

Maps 1 -6 and tables 1 and 2 were created from attribute values associated with items in the PAT.
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Ill. Analysis

The primary purpose of this project was to identify potential groundwater

problem areas using the OWRD well log database and a GIS. These areas were

delineated based on two main functions. First, the mean static water level for

each section in the study area was calculated. Sections with a mean static water

level greater than 175 feet were identified, and the relevant information was

unloaded from Arclnfo tables and displayed in tabular format (see table 1). Table

1 details the location (TRS item), number of well logs (freq all item) and mean

static water level (mean wtr all item) for 14 potential groundwater problem areas

in Western Marion Co. Water level data from 1905-1979 (mean_wtr_pre80 item)

and from 1980-1994 (mean_wtr80on item) are also included.

TRS freq_all mean wtr all mean_wtr_pre8O mean_wtr....8Oon

'6.00S 2.00W 5' 9 230 0 230

7.00S1.00W8' 21 274 226 317

'7.00S 1.00W 9' 40 185 181 330

'7.00S 1.00W13' 11 207 207 0

'7.00S 2.00EV' 1 225 225 0

'7.00S 1.00W35' 8 272 225 351

'8.00S 1.00W 6' 9 184 179 187

'8.008 1.00W 2' 1 191 0 191

'8.00S 1.00E 7' 2 249 263 236

'8.00S 1.00W15' 4 259 259 0

'8.00S 1.00W13' 9 227 207 253

'8.00S 1.00W21' 9 205 211 202

'9.00S 2.00E1O' 6 177 0 177

'9.00S 2.00E24' 4 177 16 338

Table 1: Potential groundwater problem areas identified by township, range and

section (TRS item). The freq_all item denotes the number of well logs. Mean
static water levels from 1905-1 994 (mean wtr all item). 1905-1979
(mean_wtr_pre80 item) and 1980-1994 (mean_wtrfioon item) are also included.

An attribute value of 0 means there were no data for that period.

In concert with the information displayed in table 1, potential groundwater

problem areas were also identified by calculating the change in mean static water

22



level for each section in the study area. In order to estimate water level change

over time, data were needed from both pre-1 980 and post-i 980 time periods.

There were a total of 496 sections with static water level data from both periods,

and thus it was possible to estimate water level change in those areas. Of the

nearly 500 sections analyzed, 306 displayed a drop (negative value for diff_wtr

item) in mean static water level. And although there were 290 sections in the

county which experienced such a change, only those with a diff_wtr attribute

value of -100 or less were extracted for further study (see table 2 and chart 1).

TRS freq_pre8O mean_wtr-pre8O freq_800n mean_wtr_800n diff_wtr
'6.00S 2.00W2T 18 23 1 160 -137
'7.00S 2.00E 6' 1 40 1 146 -106
'7.00S1.00W7' 10 95 8 234 -140
'7.00SI.00W9' 39 181 1 330 -148
'7.00S 1.00W1I' 9 78 5 204 -126
'7.00S 2.00W25' 47 24 1 155 -130
'7.00S.2.00W31' 3 8 1 190 -182
'7.00S 1.00W35' 5 225 3 351 -127
'8.00S1.00W12' 18 116 5 228 -112
'8.00S 3.00W17' 45 98 1 237 -139
'8.00S 3.00W23' 35 43 1 166 -123
'8.008 1.00W24' 1 65 1 242 -177
'8.008 1.00E31' 4 23 2 232 -209
'9.00S 1.00E 5' 7 89 3 293 -204
'9.00S 2.00E24' 2 16 2 338 -322

'10.00S3.00W13' 32 89 5 199 -111
I aoie z: i-'otentiai groundwater problem areas denoted by township, range and section (TRS item).

The number of well logs and mean static water level for the pre-1980 (freq_pre8o and
mean_wtr_pre80 items) and the post-i 980 (freq_8Oon and mean_wtr_8Oon items) data are shown.
Mean static water level change is stored in the diff_wtr item. The attribute values for the diff_wtr
item were calculated by subtracting the post-i 980 level (mean wtr80on) from that of pre-i 980
(mean_wtr_pre8o).

In addition to providing information on section location (TRS item) and water

level change (diff_wtr item), table 2 also displays values for the pre-1980 and

post-i 980 mean static water levels and the number of well logs from each period.
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Once the data were viewed in tabular format, it was easy to identify those

sections with a relatively small number of well logs. Although this project was

designed as a reconnaissance approach, information on well densities will serve

useful for further studies.

IV. Conclusions

The primary purpose of this project was to use a GIS to identify potential

groundwater problem areas in Western Marion County. In order to target areas in

need of further study, mean static water level values were calculated from

information gleaned from OWRD's well log database. Once the necessary

attribute values were resident within the coverage (PLS) PAT (see figure 2 and

chart 1), two threshold values were established so as to identify potential

groundwater problem areas. Sections with attribute values of -100 or less for the

diff_wtr item (see table 2 and chart 1) and/or 175 or greater for the mean_wtr_all

item (see table 1) were targeted. Based on that criteria, a total of 27 sections

were identified as potential groundwater problem areas.

In accordance with the information displayed in tables 1 and 2, it appears as

if all three study objectives were met. The OWRD's well log database was

incorporated into a GIS and a significant amount of information on mean static

water levels for sections in the county was obtained. More specifically, a mean

static water level value was calculated for each section within the study area, and

that information was then used to identify potential groundwater problem areas.

Additionally, the well log database was divided into pre-1980 and post-1980
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portions, allowing for a change in water level to be calculated. Those data were

then used to target additional potential groundwater problem areas.

The project's accomplishments were in great part attributable to the

impressive capabilities of ESRI's Arclnfo software. A GIS proved to be a

tremendous asset when dealing with large datafiles, and the storing, manipulating,

querying and display functions of the GIS were fundamental to the project's

success.
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