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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
Length
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square foot (ft?) 0.09294 square meter
acre 4,047, square meter
square mile (mi?) 2.590 square kilometer
Volume
gallon (gal) 0.003785 cubic meter
cubic foot (ft?3) 0.02832 cubic meter
Flow
gallon per day (gal/d) 0.003785 cubic meter per day
million gallons per day (Mgal/d) 0.04381 cubic meter per second
cubic foot per second (ft3/s) 0.02832 cubic meter per second
Temperature
degree Fahrenheit (°F) °C = 5/9 x (°F-32) degree Celsius (°C)

Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929--a geodetic datum derived from a general adjustment of
the first-order level nets of both the United States and Canada, formerly
called Sea Level Datum of 1929.





















Table 1.--Selected data for drainage-basin simulations

[miz, square miles; in/yr, inches per year]

Area
above Number Average
Drainage- gaging of model- Mean preci-
basin Period of station grid altitude pitation Land use, in percent
name simulation (miz) cells (feet) (in/yr) Forest Agriculture Urban
Salmon
Creek 1949-74 80 824 500 60 38 20 42
Cedar
Creek 1952-68 38 403 800 100 87 8
Johnson
Creek 1849-83 27 280 500 55 26 49 25

Table 2.--Locations of and selected data for hydrologic-data sites

[--, not applicable; WB is Weather Bureau)

Index or Period Drainage-basin
station Altitude Longitude Latitude of simulation(s) for
number ! Station name (feet) (decimal degree) record Data type 2 which data are used
Weather stations

45-8773 Vancouver, Washington 3 100 122.683 45.633 19489-74 P T -- Salmon Creek
45- 482 Battle Ground, Washington 300 122,533 45,767 1848-74 P T -- Cedar and Salmon Creeks
45- 242 Ariel Dam, Washington 220 122,567 45,867 1952-68 P -- =-- Cedar Creek
35-6751 Portland WB AP, Oregon 20 122,600 45,600 1949-83 P T -- Johnson Creek
35-8761 Portland WB City, Oregon 4 30 122,667 45,533 1948-73 P T -- Johnson Creek
35-6749 Portland KGW-TV, Oregon 4 190 122,683 45,517 1973-83 P T -- Johnson Creek
35-6334 Oregon City, Oregon 170 122,600 45,350 1949-83 P T -- Johnson Creek
35-2693 Estacada 2 SE, Oregon 410 122.317 45,267 1949-83 P T -- Johnson Creek
35-3770 Headworks Portland Water

Bureau, Oregon 750 122,150 45,450 1949-83 P T -- Johnson Creek
35-6151 North Willamette Experiment

Station, Oregon 150 122,750 45.283 1979-88 P -- E --

Streamflow-gaging stations

14213000 Salmon Creek near Vancouver,

Washington 75 122,642 45,708 5 1849-74 - - == Salmon Creek
14221500 Cedar Creek near Ariel,

Washington 287 122,528 45,932 6 1852-68 = - == Cedar Creek
14211500 Johnson Creek at Sycamore,

Oregon 228 122,507 45,478 1949-83 - - == Johnson Creek
14212000 Salmon Creek near Battle

Ground, Washington 356 122,443 45.774 7 1849-74 - - == Cedar and Salmon Creeks

1 Index or station number: see figure 2 for location,
2 P = daily precipitation values, T = daily maximum/minimum temperature values, E = daily pan evaporation.
3 In November 1963, this station was moved to 122.650 degrees longitude, 45.683 degrees latitude at

4

an altitude of 210 feet.

changed to Vancouver, Washington 4 NNE.
Data from the Portland WB City, Oregon and Portland KGW-TV, Oregon; stations were combined to create a

continuous data record,

The station number remained the same; however, the station name was

5 A correlative estimate was made for the periods 1949-5C and 1852-74 from the records from the Salmon Creek
station near Battle Ground, Washington.
6 A correlative estimate was made for the period 1956-60 from the records from the Salmon Creek station near

7

Battle Ground, Washington.
Used for correlative estimates only.



Data Requirements

The data requirements for the DPM include climate, land-surface
altitude, soil properties, and land-use information. Though not
required, streamflow measurements, base-flow estimates, and information
describing the slope and aspect of the land surface also were used in
the DPM for increased reliability.

Climatic data obtained from the weather-station network of the U.S.
Department of Commerce (1949-84) included daily precipitation totals,
daily minimum and maximum temperatures, average July maximum
temperatures, and daily percentage of possible sunshine (the ratio of
actual to possible sunshine duration for a given day). Selection of
weather stations was based on their proximity to the subbasins and the
length and continuity of the data record. Average annual precipitation
data were obtained by digitizing 15-year average annual lines of equal
precipitation from a map of local precipitation patterns of the Portland
area (Wantz and others, 1983). A triangulated irregular network was
then used to interpolate average annual precipitation values between
lines of equal precipitation; these values were then discretized by
assigning area-weighted mean values to individual model-grid cells.
Temperature data used in the calculation of average monthly temperature
lapse rates were provided by the Oregon Department of Environmental
Quality (L.D. Brannock, Oregon Department of Environmental Quality,
written commun., 1988).

Information on land-surface features was obtained from the U.S.
Geological Survey (USGS) National Mapping Division 1:250,000-scale
Digital Elevation Model for Vancouver, Washington, 1974. A geographic
information system was then used to calculate values of land-surface
altitude, slope, and aspect. Altitude, slope, and aspect were then
weighted by area in a model-grid cell and averaged to determine a single
value for each parameter for the entire grid cell.

Soil maps were digitized from soil surveys of the U.S. Department
of Agriculture, Soil Conservation Service (1972, 1982, 1983, 1985,
1986), for Clackamas, Columbia, and Multnomah Counties, Oregon, and
Clark County, Washington, and from the Washington State Department of
Natural Resources (1983). The 144 basic soil types were clustered into
27 groups to facilitate use in the DPM. The groups were clustered on
the basis of similarity of soil depth, available soil-water capacity
(the difference between the amount of soil water at field capacity and
the amount at wilting point), and texture. Representative values of the
properties for each soil group were obtained by averaging the attributes
of soil types in each group. Each model-grid cell was accorded the soil
group that had the largest areal extent in the cell and was then
assigned the values of the properties associated with that soil group.

Land-use information was acquired from the USGS 1:250,000-scale
Land-Use and Land-Cover Digital Data Map for Vancouver, Washington,
1974. The 24 land-use categories from the map were reclassified and
grouped into 10 land-use types for use with the DPM. Land-use types
included grass, orchard/deciduous forest, deciduous/evergreen forest
mix, evergreen forest, residential, transportation, industrial,
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Figure 6. Average annual recharge calculated for the Deep Percolation Model grid cells.

impervious area, and land-surface altitude. Runoff data, base-flow
estimates, and average annual precipitation also were tested. The
Salmon Creek subbasin was chosen because it incorporates the largest
variation of climate, topography, and land use of the three subbasins.

The DPM was run with input parameters for the Salmon Creek subbasin
for a 5-year period (1949-53) to calculate baseline estimates of
recharge for use in the sensitivity and uncertainty analyses. For each
sensitivity model run, a single input parameter was varied by using
either the maximum or minimum expected value of the parameter. The
response of the model estimate of the average annual recharge for the
Salmon Creek subbasin was then compared with the baseline estimate. The
ratio of percentage of change in the parameter to the percentage of
change in the average annual recharge for the subbasin determines the
sensitivity of the model; larger values indicate greater sensitivity.
The uncertainty of the recharge estimate was calculated for each model
input parameter. Uncertainty is expressed as the change in the average
annual recharge for the subbasin that results from using the maximum
and minimum values of a model input parameter equal to the upper and
lower bounds of its uncertainty.

The results of the sensitivity analysis of the Salmon Creek
subbasin are summarized in figure 8. Recharge is most sensitive to
changes in average annual precipitation and runoff to streamflow and
least sensitive to changes in soil depth and foliar cover.

The results of the uncertainty analysis are shown in figure 9.
Uncertainty in average annual precipitation and in the available soil-
water capacity contribute most to the errors in the recharge estimate,
whereas foliar cover and soil depth appear to have little effect.
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Regression Analysis

The DPM was not used to calculate recharge from precipitation over the
entire study area because of the lack of necessary data for many of the
drainage basins. Instead, a regression analysis from results of the DPM
simulation for the three subbasins was used to derive an equation for
calculating the average annual recharge from precipitation for any part of
the study area from readily available climatic and physical parameters.

The multiple-linear regression analysis used the average annual
recharge calculated with the DPM as the response variable. Explanatory
variables chosen from among the spatially distributed input parameters for
the DPM included average annual precipitation, runoff, impervious area,
land-surface altitude, slope, aspect, soil depth, available soil-water
capacity, soil texture, root depth, plant transpiration, interception
capacity, and foliar cover. The average annual recharge calculated with
the DPM for each cell in the three subbasins, along with the input
parameters for the cells, were used as observations in the regression.

A regression equation that accounts for the largest part of the
total variation in the response variable with the fewest number of
explanatory variables was selected. Criteria for the selection of an
equation included maximizing the adjusted R? (the coefficient of
determination adjusted for the number of explanatory variables used in the
regression) and minimizing the Mallow's Cp statistic (a measure of total
squared error). The number of explanatory variables used in the regression
equation was determined by noting when the introduction of additional
explanatory variables failed to substantially increase the adjusted RZ.
Mallow’s Cp was used to select between equations with the same number of
explanatory variables having similar adjusted R? values (see Draper and
Smith, 1981).

All possible regression equations that use the explanatory variables
were examined. The best equation, which uses average annual precipitation,
percentage of impervious area, and land-surface altitude as the explanatory
variagbles, is:

RCHG = (0.48212)PRCP - (0.35418)IMPRV + (0.0097444)ALT - 4.7906
where

RCHG 1is recharge, in in/yr;

PRCP 1is precipitation, in in/yr;

IMPRV is impervious area, in percentage of cell; and

ALT is altitude of land surface, in feet above sea level.

The adjusted R? of 0.91, indicates that 91 percent of the variation in
recharge, as determined with the DPM, can be explained by precipitation,
impervious area, and altitude of land surface. The p-values (the
probability that a particular value was obtained by chance) for the
regression equation, the three explanatory variables, and the intercept are
less than 0.0001. The mean square error for the regression model is 4.9
in/yr; however, this does not incorporate the uncertainty inherent in the
estimates of recharge calculated with the DPM.
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Regionalization

A portion of the study area was discretized into a rectilinear grid
identical to that being used in subsequent ground-water model studies.
This discretization facilitates the direct transfer of recharge data
from this study to be used as input to the flow model. The grid (fig.
10) has an area of 981 mi? and consists of 3,040 active cells with a
uniform grid-cell spacing of 3,000 ft (a cell area of 0.32 mi?). The y-
axis 1s oriented in a direction 28.8 degrees west of north to align the
rectilinear grid with the major directions of ground-water flow.

The predictors of recharge used in the regression equation--average
annual precipitation, impervious area, and land-surface altitude--were
estimated for each model grid cell. Average annual precipitation (fig.
11) was determined in a manner similar to that used to estimate
precipitation for the DPM. Impervious-area values were determined from
the USGS 1:250,000-scale Land-Use and Land-Cover Digital Data Map for
Vancouver, Washington, 1974, by using the percentages of impervious area
based on the land-use categories presented in the data-requirements
section for the DPM. Impervious area was then area-weighted in a model-
grid cell to yield the percentage of impervious area (fig. 12). Land-
surface altitude was derived by electronically scanning topographic
contours from the USGS 1982 1:100,000-scale maps for Oregon City,
Oregon, and Vancouver, Washington, and converting to digital data. The
altitude data were discretized by a process identical to that used for
precipitation (fig. 13). Average annual recharge for each model cell
was calculated by using the regression equation and appropriate input
data. This results in a distribution of recharge in which the recharge
value is a point estimate for any land-surface area in the cell.

Use of the regression equation produced negative values of recharge
for 82 of the 3,040 cells in the model-grid area. This generally occurs
for cells that have a large percentage of impervious area, small values
of precipitation, and low land-surface altitudes. The recharge values
for these cells were set to zero. The estimated volume rate of recharge
from precipitation (excluding recharge from precipitation over surface-
water areas) in the area of the ground-water flow-model grid (981 mi?)
for the Portland Basin is 1,440 ft3/s. The average recharge from
precipitation for the model-grid cells ranges from O to 49 in/yr with a
mean of 20.8 in/yr. Except in areas with significant impervious area,
the areal distribution of recharge from precipitation (pl. 1, fig. A) is
similar to that for precipitation.

In a similar study using the DPM, Bauer and Vaccaro (1990, p. 28)
assumed a maximum error of about 25 percent for their estimates of
ground-water recharge. The results of the uncertainty analysis of the
DPM and the mean square error for the regression equation used in this
study indicate that about *25 percent for recharge greater than or equal
to 8 in/yr or *¥2 in/yr for recharge less than 8 in/yr is a reasonable
estimate of the uncertainty in the estimates of ground-water recharge
from precipitation.

17



123°00° 45’

48°00°

i

COWLIT

N

d"i& “ﬁﬁg" Negemn
1>

o , Yacolt. j
(‘»““'A* “‘ Q ‘ ’ ‘ ‘
S S SR sKamania

a5 - ' “‘

—

P

)]

O

* >
Q

m

D
$'
Study area boundary

py
\ : pd

e
SRR ¢ z

A | m
Columbia
River

\ X
XS LTS
R

oy 50
30" ‘\‘“““"‘“

3 o 2 Y
‘\5}‘\“"1[2 - ,@."9"‘"&

: @
EXPLANATION > 74 i e%
2 % Oregon ‘%‘
205 ~% City ‘i“iﬁg
MODEL-GRID BOUNDARY e

l"\ ‘
3 MODEL-GRID CELL AR

45215 fM T P, . e e S Lo § I
adilie oM € I'l\pﬂ 11an dervice
District. Magor Arterral map, 1984 5 1J0 MILES

=

I i
5 10 KILOMETERS

Figure 10. Ground-water flow model grid.

18





















100 ] I ] I | 1 T |
90 - -
5
Q go - ]
5 o
Ll
D0 70 - o 0 ° —
55 % o ©
%E 60 - ° ° 0 ° ~
25 I3 i o
80 50 o o o . |
— Qo ° < o o
> LW ¢ o ° 4 L3 ¢ ©
50 40 Fgo o2 o ° o % u ° e oo o —
o - §§°° 30 ° §o°°° °® o 8 ° o °
=5 §°% 86 003, o © 88 %% ° ®* 8
8 30 §°o o§§°o o0 ° 3°° o? ° —
° °
c gg g 8‘303 o o ggooo AR oOoooo §° 86 0600 o 000 o o o ©
E 20 §° 8<>°°§ ° ¢
VSN o ° o —
P oe3 ° oo ¢° °°° 4 ° ° 8
- o
10 —o: g ° % ° oo -
P Ego 0 ° ©
o o¢ o © o o
0% o4 ©o aglag ® F ! | | L !
0 10 20 30 40 50 60 70 80 90

NUMBER OF DRYWELLS PER QUARTER SECTION

Figure 15. Relation between impervious area and number of drywells.

A mass-balance approach was used to estimate the percentage of
average annual precipitation lost to detention storage and ultimately to
evaporation. The mass balance was calculated by using a simple "bucket
model," wherein the amount of daily precipitation available for runoff to
drywells was computed as the precipitation in excess of detention-storage
requirements with detention storage being depleted at the daily pan-
evaporation rate.

The percentages of impervious areas for quarter sections containing
drywells were estimated from the USGS 1:250,000-scale Land-Use and Land-
Cover Digital Data Map for Vancouver, Washington, 1974, by using the same
percentages of impervious area for urban classifications as were used in
estimating recharge from precipitation. In Multnomah and Clark Counties,
the mean percentage of impervious area in the 88-mi? area of inventoried
drywells was 29 percent. The mean for the 44 mi? that lie within
Multnomah County was 31 percent, and the mean for the remaining 44 mi? in
Clark County was 26 percent.

Daily pan-evaporation and precipitation data from the North
Willamette Agricultural Experiment Station (NWES) were obtained for
calendar years 1979-88 (K.T. Redmond, State of Oregon, Office of the State
Climatologist, written commun., 1989) and used in the bucket model. The
NWES is 15 mi south of downtown Portland (see fig. 2 and table 2) and has
an average precipitation of 42 in/yr (1979-88) and a pan evaporation of 44
in/yr (1979-88).

Use of the bucket model required an estimate of the
detention-storage capacity of impervious surfaces in the
expressed as depth of water in inches. In attempting to
rainfall-runoff relations in several urban basins in the

25

average
study area,
simulate
Portland-



Vancouver area, Laenen (1980) found that impervious-area detention-storage
values of 0.05 to 0.10 inches yielded good results; however, he also noted
that the models were generally insensitive to this parameter (Antonius
Laenen, U.S. Geological Survey, oral commun., 1989).

Use of detention-storage values of 0.05 and 0.10 inches and climatic
data from the NWES showed that 23 and 26 percent, respectively, of
precipitation incident on impervious surfaces would be lost to evaporation
annually during the 1979-88 period. For estimation of recharge from
drywells, it was assumed that 74 percent of average annual precipitation
falling on impervious surfaces would run off to drywells (where drywells
were used).

Precipitation in each quarter section was estimated from the 15-year
average annual precipitation map used to estimate regional recharge.
Precipitation in the drywell recharge area ranged from 37 to 62 in/yr with
a mean of 48 in/yr.

Estimated Recharge

Recharge rates were first computed by quarter section, then
aggregated to the model-cell format for consistency with estimates of
recharge from precipitation. The distribution of drywell recharge in the
model grid is shown in figure B on plate 1. The estimated average volume
rate of recharge from drywells is 61.7 ft3/s, of which nearly one-half
(27.1 ft3/s) occurs in Clark County, Washington. Rates of recharge from
drywells for model-grid cells in the 88-mi? area of inventoried drywells
range from O to 26 in/yr and have a mean of 9.4 in/yr.

ESTIMATION OF RECHARGE FROM ON-SITE WASTE-DISPOSAL SYSTEMS

In many parts of the study area, on-site waste-disposal systems
(OWDS’'s) [septic tanks and cesspools] are still used to dispose of
commercial and domestic wastewater. Effluent from OWDS'’s, like surface
runoff diverted to drywells, bypasses most or all of the near-surface
unsaturated zone and the processes of evapotranspiration, filtration, and
bioretardation that would otherwise affect water infiltrating from the
surface. This makes OWDS's, like drywells, efficient conduits for ground-
water recharge--particularly where water tables are shallow and soils are
highly permeable.

Throughout most of the Portland Basin, population densities and
levels of commercial development are low enough that OWDS’'s do not
contribute significant volumes of recharge to the ground-water system.
More than 74 percent of the study area is low-population-density rural
residential, farm, or forest land with less than 60 people per square
mile. Use of the U.S. Environmental Protection Agency (1980) estimate of
OWDS discharge of 45 gallons per day per capita yields OWDS recharge rates
in these areas of about 0.06 in/yr. This amount is far below the
uncertainty limits of recharge from precipitation so that the contribution
of recharge from OWDS's in these areas was ignored for this study.
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Many factors control commercial wastewater-discharge rates, including
the type of establishment, the number of employees, and the number of
people served (U.S. Environmental Protection Agency, 1980). Because data
needed to reliably account for these factors in estimating industrial/
commercial OWDS discharge rates were not available, the average effluent-
discharge volume rate for commercial OWDS's was estimated indirectly from
data published in a mid-Multnomah County sewer implementation plan (CH2M-
Hill, 1985). In this study, it was estimated that 50,459 residential and
3,133 commercial OWDS’'s functioning in mid-Multnomah County in 1985
discharged a total of 16.7 million gallons per day (Mgal/d). It was
assumed that if the 50,459 residential OWDS'’s discharged an average of 117
gal/d, they would generate 5.9 Mgal/d of the 16.7 Mgal/d total. The
remaining 10.8 Mgal/d was assumed to be generated by the 3,133 commercial
OWDS'’s discharging at an average rate of 3,400 gal/d. It was further
assumed that the percentage of commercial systems in Clark County was the
same as in mid-Multnomah County, because residential and commercial
systems were not differentiated in the Clark County inventory. The mean
percentage of commercial systems in mid-Multnomah County in 1987 was about
6 percent.

Estimated Recharge

The estimated 1987 ground-water recharge rates from residential and
commercial OWDS’'s are listed by county in table 3.

Table 3.--Estimated 1987 ground-water recharge from on-site
waste-disposal systems

{Mgal/d = million gallons per day, ft3/s = cubic feet per second]

Waste-disposal system Discharge
Type Number Mgal/d  ft3/s

CLARK COUNTY

Commercial 556 1.89 2.93
Residential 9,656 1.13 1.75
Total 10,2121/ 3.02 4.68

MULTNOMAH COUNTY

Commercial 2,751 9.35 14.5
Residential 44,135 5.16 7.99
Total 46,8862/ 14.5 22.5
Grand total 57,098 17.5 27.2

1/ Washington Department of Ecology, unpub. data, 1988,
2/ City of Portland Bureau of Environmental Services, unpub. data, 1988.
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Recharge rates from OWDS’s were first computed by quarter section,
then aggregated to the model-cell format for consistency with estimates of
recharge from precipitation and drywells. The estimated distribution of
recharge in the model grid from OWDS discharge is shown in figure C on
plate 1. The average volume rate of recharge is 27.2 ft3/s, of which 4.68
ft3/s occurs in Clark County. Rates of recharge from OWDS’'s for model-
grid cells in the 73-mi? area of mid-Multnomah and southwestern Clark
Counties range from 0 to 26 in/yr and have a mean of 5.0 in/yr.

TOTAL RECHARGE FROM PRECIPITATION, RUNOFF INTO DRYWELLS,
AND ON-SITE WASTE-DISPOSAL SYSTEMS

The volume rate of recharge from all sources averaged over the model-
grid area of 981 mi?--precipitation (excluding recharge from precipitation
over surface-water areas), runoff into drywells, and effluent from on-site
waste-disposal systems--is about 1,530 ft3/s. The average rate of
recharge from these sources for the model-grid cells is 22.0 in/yr. The
distribution of recharge summed from the individual recharge components--
precipitation, runoff into drywells, and on-site waste-disposal systems--
is presented in figure D on plate 1. (Differences between the sum of the
individual recharge components and the total recharge are due to
rounding.)

The lowest recharge occurs along and between the Columbia and
Willamette Rivers and is near zero. The Cascade Range generally has the
highest recharge, about 49 in/yr. Recharge in urban areas of Multnomah
and Clark Counties containing drywells and on-site waste-disposal systems
varies from O to as much as 49 in/yr in localized areas.

The dominant component of recharge is precipitation, which accounts
for 94 percent of the total recharge in the model-grid area. Recharge
from drywells is only 4 percent of the total recharge. In the 88-mi? area
of inventoried drywells, however, drywell recharge, makes up 38 percent of
the recharge, with rates as large as 26 in/yr for individual grid cells.
Recharge from on-site waste-disposal systems contributes less than 2
percent of the total recharge to the model-grid area. In the 73-mi? area
of heavily concentrated OWDS's, however, recharge from this source
accounts for approximately 17 percent of the total, with a maximum rate of
26 in/yr for individual cells.

SUMMARY AND CONCLUSIONS

Average annual ground-water recharge from precipitation, runoff into
drywells, and on-site waste-disposal systems was estimated for a part of
the Portland Basin.

Ground-water recharge from precipitation was estimated for three
subbasins by using a modified version of the Deep Percolation Model. The
three subbasins and their respective average recharge rates are Salmon
Creek, Washington, 27 in/yr; Cedar Creek, Washington, 52 in/yr; and
Johnson Creek, Oregon, 20 in/yr. The results from the Deep Percolation
Model then were regressed against the input parameters to derive an
equation by which recharge from precipitation for the study area could be
calculated. Average annual precipitation, percentage of impervious area,
and land-surface altitude account for 91 percent of the variation in
recharge.
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Estimates of ground-water recharge from runoff into drywells were
made on the basis of precipitation, percentage of impervious area, and
evaporation. The number of drywells per quarter section was compiled
from data available from city, county, State, and Federal agencies. 1In
an 88-mi? urbanized area of Multnomah and Clark Counties, nearly 5,700
drywells were identified.

Ground-water recharge from on-site waste-disposal systems at about
57,000 sites in mid-Multnomah County, Oregon, and southwestern Clark
County, Washington, was estimated. The distribution of on-site waste-
disposal systems in the counties was provided by local, State, and
Federal agencies and consulting firms.

The average recharge rates from precipitation, drywells, and on-
site waste-disposal effluent in the Portland Basin are 20.8, 0.9, and
0.4 in/yr, respectively; average volume rates of recharge (excluding
recharge over surface-water areas) for the same categories are 1,440
ft3/s, 61.7 ft3/s, and 27.2 ft3/s, respectively. The sum of the average
recharge rates from all sources is estimated to be about 22.0 in/yr, and
1,530 ft3/s is the average volume rate for all sources. Recharge rates
are near zero along and between the Columbia and Willamette Rivers.
Recharge rates are largest, about 49 in/yr, in the Cascade Range,
although discrete areas of large recharge also are found in urbanized
parts of the Portland Basin. The largest component of recharge is
generally from precipitation, however, in urbanized areas recharge from
drywells and on-site waste-disposal systems can have significant local
effect.
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