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LAND APPLICATION OF SEWAGE SLUDGE IN THE WILLAMETTE VALLEY:
FARM OPERATOR ATTITUDES AND MUNICIPAL COSTS

Pamela Ferrara
and

Bruce Weber

Sewage sludge has been applied to agricultural land as a soil conditioner

and fertilizer for many years in parts of the Willamette Valley and throughout

the United States. Several valley communities have recently adopted agricultural

land spreading as their major sludge disposal method, and other communities

are considering it. Several factors are responsible for emphasis on the

beneficial use of sludge. Among them are recent Environmental Protection

Agency directives and the Oregon Department of Environmental Quality guide-

lines which stress the nutritive value of sludge to the agricultural community.

Both agencies recommend that. agricultural use of sludge be considered by

municipalities where feasible.

Incineration of sludge is becoming more costly as fuel costs rise.

Removing water from sludge, necessary to dispose of it in landfills, is

also very expensive. Landfill siting is a problem for many Oregon communities

so applying sludge to agricultural lands is becoming more attractive to

municipalities. Farm operators are beginning to consider sludge an economical

substitute or partial substitute for commercial fertilizer. Volumes of sludge

are increasing, partly from population growth and more sophisticated waste-

water treatment methods, so larger quantities of sludge are available to

farmers. High commercial fertilizer prices also have made nutrients in sludge

valuable as replacements for commercial fertilizer elements.
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This report is an overview of use of sludge on agricultural land in

Oregon's Willamette Valley and municipal costs of sludge disposal. As such,

it should be informative and educational to municipalities and farm operators

involved in or considering sludge management programs.

WHAT IS SLUDGE ?

The secondary treatment of municipal sewage yields two end products;

(1) effluent, the treated wastewater usually released into a river and

(2) sludge, a semi-liquid, brownish or black, musty-smelling fluid containing

1 percent to 10 percent solids, depending on type and level of treatment.

Corvallis, with a population of 40,000, annually generates about 7 million

gallons of sludge that contain about 01 percent solids. Albany, with a

population of 26,000, generates about 11 million gallons with about 2 to

3 percent solids. Most treatment plants produce about one-fourth pound

of sludge solids per person per day..

Since percent solids in the sludge usually differs from treatment

plant to treatment plant, dry weight in tons is often used as a measure

of comparison. Gallons of sludge can be converted into tons of dry solids

if the percent of solids is known (Figure 1).

Municipal sludge contains nutrients of value to crops, specifically,

nitrogen, phosphorus, potassium, and sulfur. The amounts vary, but atypical

Willamette Valley sludge contains 2 percent available nitrogen, 0.2 percent

potassium, 1.4 percent phosphorus, and 0.6 percent sulfur..
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FIGURE 1. GALLONS OF SLUDGE PER DRY TON

SOURCE: From Miller, Robert H., Richard K. White, Terry J. Logan, Lynn D.
Forster, and John N. Stitzlein, Ohio Guide for Land Application 
of Sewage Sludge. Cooperative Extension Service, The Ohio State
University, Bulletin 598 (revised), June 1979.
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Sludge also can contain potentially toxic heavy metals. Cadmium,

in particular, tends to be taken up and concentrated in the leafy parts

of some plants. A high quality sludge is considered one that has less than

25 milligrams of cadmium per kilogram of dry sludge. Typical valley sludges

range from 0.5 to 20 milligrams of cadmium per kilogram of dry sludge.

According to Ed Lynd of the Oregon Department of Environmental Quality,

long-term loading of the soil with heavy metals is a concern, but since

Willamette Valley sludge is relatively "clean" it can be applied for many

years without any problem if managed and monitored properly.

STUDY DESIGN

Many Willamette Valley communities have practiced land application of

sludge, some for 10 years or more. These communities have agricultural

use programs that vary considerably in organization and complexity. To

take advantage of the experience in these communities, research was undertaken

to accomplish two objectives: (1) to determine attitudes toward sludge appli-

cation of farm operators who had used sludge and seek a preliminary indication

of their willingness to pay for sludge, and (2) to examine the land application

program of selected Willamette Valley communities within a framework which

allows comparisons of costs of land application between communities.

To obtain a list of farm operators using sludge, eight Willamette Valley

municipalities with sludge management programs were contacted. These munici-

palities were selected from those with sludge application programs so as to

ensure a representative distribution of communities with respect to population,

size, and geographical location. The names of farm operators using sludge
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were provided by wastewater treatment plant personnel in the selected munici-

palities. Telephone interviews were conducted with a representative sample

of 18 sludge users using a prepared questionnaire. Table 1 shows the dis-

tribution of sludge users (those using sludge within the last year) and the

number of interviews conducted in each municipality.

TABLE 1.	 Sampling Rate by Municipality

Number of Current Number of Names Number
City Sludge Users Provided Interviewed

Philomath 1 1 1

Sweet Home 1 1 1

Eugene 2 2 12/

CorvallisW 1 1 1

Hillsboro 20-- 12 4

Salem 2Z 12 8

Lebanon 1 1 1

Albany 1 1 1
— —

Total 49 31 18

a/ The total farm operation is in Creswell.
12/ 

The individual in this case used sludge three years ago. However, he is
the latest user of sludge in the Corvallis area.

c/ An estimate made by the process control supervisor. Farms in the sample
exhibited a wide range of soil types and varied widely in size.

Soils to which sludge was applied ranged from heavy clay to sandy and

loamy soils. The median farm size was 400 acres, the smallest, 25 acres, and

the largest, 11,000 acres.

From the eight municipalities used to obtain the sample_of farm operators,

five were selected for detailed cost analysis. The cities of Salem, Hillsboro,

Corvallis, Albany, and Sweet Home were chosen as being representative of
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the sizes, organizational arrangements, and methods of land application

found in land application programs in the Willamette Valley.

Cost figures were obtained through on-site visits and phone calls with

plant personnel and municipal accounting personnel. In all cases, every

attempt was made to separate out those costs attributable to sludge disposal.

Often this was complicated because either detailed cost records are not kept

or operating costs are not separated by function.

FARM OPERATOR ATTITUDES AND MANAGEMENT PRACTICES

A critical element in any program of land application of sludge is

the willingness of landowners in the locality to accept sludge on a long-

term basis. Municipalities involved in land application programs and

those considering it have an interest in the farmers' attitudes towards

sludge and the problems they encounter in applying sludge to their land.

Landowners using or considering accepting sludge have an interest in problems

experienced by other landowners. With this knowledge they can work jointly

with the municipality to design management practices which minimize problems

associated with land application. This section of the report is a summary

of information from interviews with 18 Willamette Valley farmers about their

sludge application practices, perceptions of advantages and disadvantages

of sludge, and willingness to pay for sludge.

Sludge Application Practices 

Many of the farmers interviewed had several years' experience with

sludge use, one farm operator having used it for 11 years. Most have used

sludge for two or three years. The most typical method of application

is by sprinkler. It is typically applied January through October with
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spreading concentrated in late summer and early fall after harvesting of

crops.

The quantity of sludge applied varies greatly depending on the nitrogen

requirement for the crop involved. Crops grown by those interviewed for

this study include: bush beans, wheat, Christmas trees, ryegrass, filberts,

pasture, corn, alfalfa, berries, and hops.

Eight of eighteen operators added no extra fertilizer elements to land

receiving sludge. One operator applied fertilizer in amounts that would be

needed without sludge application. Nine farmers added either supplemental

nitrogen, potassium or phosphorus, or a regular fertilizer application in

the spring.

Perceived Advantages and Disadvantages of Sludge Use 

Farm operators were asked their opinion regarding the general advantages

and disadvantages of using sludge. Specific questions were also asked

about frequently encountered problems with using sludge on agricultural

lands.

Many of the farmers were enthusiastic about using sludge (Table 2).

The most frequently mentioned advantage was cost savings on fertilizer.

Other advantages mentioned were good crop response and soil texture improvement.

Disadvantages mentioned of using sludge were extremely varied (Table 3).

The major disadvantage mentioned was the result of application errors,

i.e., spreading sludge on slopes that were too steep, or spreading in extremely

wet weather, causing runoff. Ten farm operators indicated they plow the

sludge under after spreading. They also indicated that they would have

plowed anyway, so it was not a serious management problem.



TABLE 2. Advantages of Using Sludge

Advantage 
Number of Personsa,

Expressing This View 

• Saves on fertilizer	 11

• Helps crops grow	 6
(wheat was a foot high and neighbor's wheat
was only 4")

(quicker response than with fertilizer)

• Improves soil texture	 7

• Grass is greener--can see where
sludge was used

• Cows and sheep prefer to graze on 	 2
sludge-amended pasture

• Helps control disease
	

2

• Survival rates of young Christmas
trees was much improved

• Water is of irrigational value
	

1

a"Out Out of 18 people .

8.
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TABLE 3. Disadvantages of Using Sludge

Number of Persons
Expressing This Viewa/

No problems at all	 4

Sludge Application Problems 

• Trucks cause soil compaction 	 5

• Runoff from sludge applied in
wet weather	 4

• Runoff from sludge applied on
steep slope	 1

• Problems with scheduling sludge
application with city	 2

• Sludge not spread evenly	 1

• City applied too much sludge,
hindered seed production 	 1

• Accidentally sprayed resident's house	 1

Farm Management Problems 

• Tomato seeds sprouted after sludge application 	 3

• Excess weed growth 	 1

• Had to test the soil more often 	 1

• Caused soil texture problems	 1

Other Problems 

• Serious complaints about odor 	 3

• Neighbors complained that well was
contaminated	 2

• Concerned about heavy metals 	 2
in cannery crops

Uncertainty over additional costs imposed	 2
by regulations

/ Out of 18 people.
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To allow farm operators to assess for themselves the advantages and

disadvantages of sludge use, they were asked whether they were satisfied

in general with sludge use and whether they would continue to accept sludge.

Seventeen of the 18 sludge users expressed satisfaction with sludge. The

one user who expressed dissatisfaction did not have a problem with sludge

per se but with city application practices.

Thirteen operators said they would continue to take sludge, 3 were not

sure, and 2 would not take it in the future. One not continuing sludge use

intended to switch to food crops and sludge application would post potential

contamination problems. The other was in an area of Salem where sludge has

been temporarily suspended by the Oregon Department of Environmental Quality.1—/

A Price for Sludge? 

It is of interest to know whether municipalities could charge for sludge.

Charging for sludge would help offset costs of disposal.

The 18 farm operators in this sruvey were asked if they would be willing

to pay for sludge, and what a maximum price might be. Eight (8) operators

said they might be willing to pay something for sludge. Several mentioned

replacement cost of fertilizer as a possible maximum price. Of the remaining

10 operators, half indicated they would not be willing to pay for sludge and

half said they had not thought about it or did not know.

Because replacement value of fertilizer was so frequently mentioned as a

possible price for sludge, the cost of fertilizer elements in a dry ton of sludge

was calculated using March 1981 fertilizer prices. The elements in a dry ton

of sludge are worth up to $30.26 in fertilizer replacement. costs. (Table 4)

In the area of the treatment plant in Salem, high levels of nitrates were
found in several wells. Although sludge use was not directly linked to
this incident, its use was suspended by DEQ in this area.



TABLE 4. Fertilizer Value of Sludge

Nutrient

Nutrient	 Pounds of	 Replacement	 Fertilizer
Content	 Nutrient	 Cost	 Value

of	 Per Ton	 Per Pound a/	 Per Ton
Sludge	 of Sludge	 of Nutrient— 	 of Sludge

(%)	 (lbs.)	 ($/lbs.)	 ($/ton)

Nitrogen	 2.0	 40	 .26	 10.40

Phosphorus	 1.4	 28	 .65	 18.20

Potassium	 0.2	 4	 .16	 .64

Sulfur	 0.6	 12	 .085	 1.02

TOTAL	 $30.26

2/Based on March, 1981 fertilizer prices.

If, for example, sludge , is applied to annual ryegrass at a rate of 3 tons

solids per acre (to match the nitrogen requirement), it has a fertilizer

replacement value of $17.10/ton. If applied for annual ryegrass at a rate of

1 ton solids per acre (to match the phosphorus requirement), it has a value of

$28.96/ton (Appendix Table A-1).

Summary 

The farm operators interviewed were generally satisfied with sludge

use, considered it valuable, and might be willing to pay for it. Their

experiences have shown that problems in the handling and application of

sludge occur when municipal staff does not adhere to proper sludge application

methods and good farm management practices, or match the fertilizer requirements

of the crops being grown.
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MUNICIPAL MANAGEMENT PRACTICES AND COSTS

The feasibility of land application of sludge by municipalities depends

on many factors including disposal site availability, transportation and

application methods available, and costs of alternatives. Many valley

communities have an abundance of surrounding farm land for sludge appli-

cation.

A number of valley communities have been spreading sludge for many

years. The transportation and application methods used, as well as costs,

vary extensively from city to city depending on factors such as the volume

of sludge produced and the size of the municipality.

Five Willamette Valley communities with land application programs

considered representative of the range of sizes, organizational arrangements,

and application methods found in the valley were selected for detailed

case study. These communities are Albany, Corvallis, Hillsboro, Salem,

and Sweet Home.

Hillsboro and Salem use agricultural land application as the exclusive

method of sludge disposal. Both programs have been in operation since

the 1960s and are very extensively managed.

The City of Corvallis has spread sludge in the recent past on

airport land owned by the city and leased to a farmer. The Federal Aviation

Administration expressed concern over a potential increase in bird population

at the airport, and hazards to air traffic. Since then, the city has decided

to adopt an agricultural use program involving agricultural land other

than the land at the airport. At the time this report was written, the

city was implementing the plan.

The City of Albany pays a farmer to haul and dispose of the city's

sludge. He spreads sludge on his land and other nearby farm land.
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In Sweet Home, the wastewater treatment plant dewaters the sludge to

about 18 percent solids and a farmer hauls it away and spreads it on his

270-acre farm. In the following sections of the report, the land application

programs of these communities will be described in some detail and their costs

summarized on a standardized basis. Costs vary from program to program for

a number of reasons. Inferences about relative efficiency of the various

programs is not possible from this data.

Hillsboro 

The City of Hillsboro, with a population of 25,750, is part of the

Unified Sewerage Agency formed in 1970. This agency consists of-a consoli-

dation of the wastewater treatment activities of surrounding communities

within a 95-mile square mile area. The Unified Sewerage Agency was formed

to implement the master plan for providing treatment facilities in the

Tualatin Basin. The Rock Creek facility (Hillsboro) has a design capacity

of 15 million gallons per day (mgd).

Primary treatment of wastewater is provided by a grit chamber and primary

clarifiers. Secondary treatment is provided by an activated sludge process.

The industrial contribution to the treatment plant input is 2.6 percent of

the flow. In 1980, the Rock Creek plant generated 14,241,499 gallons of

sludge which contained 2 to 4 percent solids. Data on chemical composition

of the sludge are in Appendix Table B-1.

Program Organization 

All sludge is hauled and handled by city trucks and personnel to nearby

farms where it is used as a soil conditioner. The average haul distance is

seven miles from the treatment plant. Primary sludge and waste activated

sludge are gravity thickened and then treated in anaerobic digesters. After

digestion the sludge is pumped into tanker trucks and spread on nearby farms.
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The process control supervisor manages the agricultural use program.

His duties include making personal contacts with farmers, scheduling sludge

application, and keeping records of acreage size, amounts applied, and heavy

metals accumulations. A computer program has been developed to monitor

sludge and heavy metals application for each site on a continuous basis.

Transport and Application Systems 

Two 6,000-gallon tanker trucks haul sludge to farm sites. Approximately

six trips per day per truck are made, six days per week. Occasionally non-

hauling days occur when weather is too cold or wet to apply sludge properly.

Sludge is pumped from the tanker trucks into a sprinkler system with

a big gun type sprinkler. Irrigation pipe and sprinklers are moved around

the field manually.

An average sludge application is approximately 36,000 gallons per acre,

or about 4.5 tons of dry solids per acre.

Costs 

Based on information provided by Unified Sewerage Agency personnel, the

Rock Creek facility is estimated to have spread liquid sludge at a cost of

$.016 per gallon or $117 per dry ton, in 1980 (Table 5). Personnel costs

are 57 percent of this total. Appendix Table C-1 contains a detailed

description of program costs.

Salem

Salem is a community of approximately 90,000 people in the central

Willamette Valley. The city's wastewater treatment plant utilizes both a

trickling filter and an activated sludge system. Sludge is thickened in primary

and secondary digesters and then pumped into tanker trailers for transport



TABLE 5.	 Cost of Land Application of Sludge in Five Willamette Valley Programs, 1980 - Program Summary

Hillsboro Salem Sweet Home Albany Corvallis

Sludge Volume - 1980
(thousand gallons) 14,241 18,000 3,420 9,875 7,000

% Solids 3 2.4 1* 2 5

Dry tons 1,899 1,915 167 823 1,750

Organization city hauls/ city hauls/ farmer hauls/ farmer hauls/ city hauls/
spreads spreads spreads spreads spreads

Contracts With Farmer/Hauler No No Yes Yes Yes

Average Haul Distance
(Miles One Way) 7 6 7 5-10

Annual Capital Costs 18,430 86,266 111,107

Annual Operating Costs 204,213 145,359 6,342 52,025 89,200

Total Annual Costs 222,643 231,625 6,342 52,025 200,307

Cost of Land Application
Per Gallon $.016 $.013 $.002 $.005 $.029

Cost of Land Application
Per Dry Ton $117 $121 $32 $63 $114

*Deviated to 18% before application.
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to and application on nearby farmlands. ?/ In 1980, a total of 18 million gallons

of liquid sludge at about three percent solids was applied to croplands. Table

B-2 contains data on the chemical composition of the sludge.

Program Organization 

The City of Salem has spread liquid sludge on agricultural land since the

1960s. In 1980, liquid sludge was spread on approximately 1,500 acres of land.

The city hauls and spreads the sludge with city trucks and personnel. Travel

distance averaged approximately six miles one way in 1980. A total of 38,727

miles was traveled to dispose of sludge. It is anticipated that in 1981 haul

distances will increase somewhat because of the temporary suspension of sludge

application to farms near the treatment plant./

The Salem program has a sludge disposal supervisor and a field repre-

sentative who are trained in farm management practices, fertilizer requirements,

and proper sludge application methods. The amount applied varies each month

depending on sludge production and the weather. Sludge production changes

significantly month to month with a large seasonal cannery wasteflow starting

in July, peaking in September, and tapering off through December. A typical

application rate is about two dry tons , solids per acre or about 16,000 gallons

per acre per application.

The major components of Salem's sludge management program are personal

contacts with farmers, site screening, determining the rate of sludge application,

and recordkeeping. Records are kept on forms designed specifically for sludge

management. These forms are used to record field description, location, soil,

crop, and ground water data, sludge application rates, and heavy metals accumu-

lation.

2/
— Small amounts of dried sludge are also spread. This report does not include

these costs.
3/- See footnote 1.
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The city has developed a large reliable market of farmers who want sludge

applied to their lands. A brochure is used to inform farmers about the product

(called Biogro) and how to obtain it from the treatment plant. The city has

demonstration plots near the treatment plant to show the effects of sludge

application on various species of trees.

Transport and Application Systems 

Sludge is hauled from the treatment plant to farm sites by three 5,500-

gallon tractor trailers and one 2,500-gallon truck. Haul distances are

generally six miles one way with a few application sites in the immediate

vicinity of the treatment plant (in 1980).

The sludge is applied by direct truck spreading, spreader "buggies,"

and a self-propelled irrigation system with a big gun type sprinkler. Sludge

is applied all year round, with occasional non-spreading days because of

freezing conditions or very wet weather.

The city experimented with sludge application on a forest site in the

spring of 1981 with apparent success.

Costs

Based on information provided by the city, disposal of sludge is estimated

to have cost $121 per dry ton in 1980 (Table 5). As can be seen in Appendix

Table C-2, personnel costs are 55 percent of the total.

Sweet Home

Sweet Home is a small community on the eastern edge of the Willamette

Valley in the foothills of the Cascades. The population is 7,250. The

wastewater treatment facility provides secondary treatment with an activated

sludge system. The design flow of the plant is 1.2 million gallons per day.

The only major industry utilizing the treatment plant is a plywood mill.

The treatment plant produces about 285,000 gallons of sludge per month at
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1 percent solids. Sludge is pumped from the anaerobic digester at 1 percent

solids, mixed with a flocculating agent and run through a DCG (Dual Cell

Gravitational) unit to produce a sludge with solids content of 18 percent.

Data on chemical composition of sludge are in Appendix Table B-3.

Program Organization 

A farmer hauls the sludge in a dump-type truck to his 270-acre farm

where he spreads the sludge cake on pasture land.

Transport and Application Systems 

A farmer hauls sludge once a day, five days a week, with his own truck

and driver. The truck holds about 1,400 pounds of dry solids. The distance

to his farm is about seven miles. The truck bed tips and the sludge moves

by gravity through 3-inch diameter holes onto the field.

Costs

The major cost for Sweet Home's agricultural use program is for the

DCG unit that thickens the sludge to 18 percent solids. Based on information

supplied by the plant superintendent, the estimated cost to the City of Sweet

Home of disposing of its sludge is $32 per dry ton (Table 5 and Appendix

Table C-3).

Albany 

Albany is a community of 26,150 people. Primary and secondary wastewater

treatment is accomplished with a grit chamber, primary and secondary clari-

fiers, and puddle aerators. The design flow is 8.7 mgd. More than 100 small

industries utilize the waste treatment facilities. A firm which processes

rare metals utilizes the facility for its domestic sewage only. Effluent

is discharged into the Willamette River. Data on the composition of the

sludge are in Appendix Table B-4.
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Program Organization 

A farmer contracts with the city to haul and spread all of Albany's sludge

on nearby farmlands. Crops grown include pasture, field corn, and mint.

Transport and Application Systems 

The farmer who contracts with the city owns one 6,000-gallon tank truck

and one 3,000-gallon truck. He also provides the driver and makes about four

trips per day, six days per week. Sludge is pumped from the secondary digester

into the truck and transported an average of five miles to nearby farmers.

Sludge is applied to fields through a sprinkler system. In summer, sludge

also is applied by driving a dump-type truck onto the field and spreading

sludge directly from the truck.

Costs 

The City of Albany has a contract with a farmer to haul and spread its

entire sludge production. The contract is for five years, for a specified

price per thousand gallons. The price is adjusted annually by the increase

or decrease in the Portland Consumer . Price Index. The current price is $5.08

per thousand gallons.

The only additional costs incurred by the city are for laboratory tests.

These consist of a test for heavy metals, four times a year, and a daily percent

solids test. Based on information provided by the city, the estimated cost for

land application of sludge is $63 per dry ton (Table S and Table C-4).

Corvallis

Corvallis is a community of approximately 40,000 people. Sedimentation

provides primary treatment of the wastewater. Secondary treatment consists

of trickling filters and an activated sludge process. Combined primary and

secondary sludges are treated by anaerobic digestion and stored in solids

storage basins (SSB's) before final disposal.
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The design flow of the treatment plant is 9.7 million gallons per day.

The industrial input into the city's treatment facilities is estimated to be

less than 1 percent of the total flow. The plant produces about 600,000

gallons of sludge monthly at 2.5 percent solids. In the SSB' , the sludge

thickens to about 5 percent solids. Plant effluent is discharged into the

Willamette River. The chemical composition is summarized in Appendix Table B-5.

Program Organization 

Before 1978, sludge was hauled by city trucks to a municipally owned

site near the city airport, and city employees spread the sludge. The city

leased the land to a farm operator. In 1978, the Federal Aviation Administration

expressed concern about bird problems at the airport, and the city began to

look for other methods of sludge disposal. The current sludge management

plan calls for the spreading of sludge on nearby private agricultural land

as the primary disposal method.

Transport and Application Systems 

At the time this report was prepared, the sludge management plan was

in its initial state of implementation. The following is a description from

the engineering report of Brown and Caldwell, city consulting engineers,

August 1980, on how the agricultural use program and back-up system are intended

to work.

To haul and spread sludge on nearby farmland, two 6,000-gallon tanker

trucks, one flotation tire injection truck and a spray irrigation system

have been ordered. The Brown and Caldwell report indicated that there is

an "abundance of private agricultural land within five to 10 miles of the

treatment plant" (p. 4-2). Much of the surrounding farmland i$ in grass

seed production. It is expected that the one-way hauling distance will_

probably be less than 10 miles.
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Back-Up System (Dedicated Land Disposal) 

The City of Corvallis purchased SO acres adjacent to the treatment plant.

When agricultural spreading is not feasible, sludge is injected on this

site. Sludge application rates in excess of agronomic rates may occur on

the dedicated land disposal site and extensive soil and groundwater monitoring

is an essential part of the back-up system.

Costs

To obtain the annual cost for the program, it was assumed that the

city sold municipal bonds for the capital costs of the project in the amount

of $930,000 for 20 years at 10.25 percent interest.
4/ The debt service on

the bonds would be $111,107. Operations and maintenance total $89,000.

Therefore, total annual cost is estimated to be $200,307.

Based on Brown and Caldwell's August 1980 projections for Corvallis'

agricultural use program and a back-up consisting of the dedicated land

disposal, the disposal cost per dry ton is estimated to be approximately

$114 (Table 5 and Appendix Table C-5).

CONTRACTS

The Oregon Department of Environmental Quality (DEQ) provides guidelines

for agricultural application of sewage sludge to both farm operators and

municipalities. Before sludge can be applied to a field in Oregon, DEQ

must approve the site as suitable for sludge application.

Several recent publicatons on land application of sewage stress the need

for written contracts between the municipality and the receiving farmer. (See

Miller et al and Weber et al in bibliography for guidelines for developing

1/ The Municipal Debt Advisory Commission in Salem assisted with these figures.
An Environmental Protection Agency construction grant is funding 85 percent
of the Corvallis program. The uncertainty surrounding the availability
of this type of grant made it seem desirable to use the total project costs
in the cost estimate.
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such contracts.) A written contract would provide additional assurance for

the receiver against possible hazards from misapplication of sludge.

In the five communities surveyed in this report, only two have contracts

and these are contracts with farmers who haul the sludge. The contracts are

designed to ensure mutual understanding between the municipality and the sludge

hauler about the rights and obligations of each party. The City of Sweet Home

and the farmer who hauls and spreads sludge have a contract (Appendix D) which

specifies proper procedures for removal of sludge from the treatment plant,

liability, and a time when the contract can be terminated. The City of Albany

has a contract with a farmer which contains provisions for the amount of sludge

to be made available to the farmer, the hauling charge per thousand gallons,

and the responsibilities of the farmer and the city for meeting DEQ guide-

lines (Appendix E).

Hillsboro and Salem do not provide written contracts to receiving farmers

and Corvallis does not plan to do so.

CONCLUSION

Land application of sewage sludge provides an opportunity for a mutually

beneficial relationship between municipalities and neighboring farmers. In

the Willamette Valley, an increasing number of farmers and communities are

involved in land application programs.

The farmers with experience using sludge interviewed for this report

generally expressed satisfaction with sludge use and almost half indicated

a willingness to pay something for the sludge. Their experiences show good

management practices on the part of both farmers and municipal employees

are essential to the conduct of successful sludge land application programs.
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The municipal land application programs examined in this report varied

in both size (3 million to 18 million gallons of sludge per year) and

organization (Table 5). All programs were able to obtain access to farm-

land for spreading within an average radius of 5 to 7 miles from treatment

plants. Generally, costs per gallon and per dry ton were lower for programs

when farm operators hauled and spread the sludge than for those where the city

did the hauling and spreading.

There is a wealth of experience in the Willamette Valley for municipalities

and farmers considering the agricultural use of sludge. Both the farmers

and the municipal employees interviewed for this report were willing to

share their experiences so others might benefit from them. Continued com-

munication among farm operators, municipal employees, and the educational

community will help insure that sludge management programs in the Valley

fulfill the "beneficial use" goal expressed by the Oregon Department of

Environmental Quality.
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APPENDIX A

TABLE A-1. Fertilizer Value of Sludge
a
–
/ for Annual Ryegrass (Based on March 1981

Fertilizer Prices)

Nitrogen Phosphorus Potassium Sulfur Total Value

Maximum Crop Requirement
(lb./acre) 120 26 50 15

Fertilizer Cost	 ($/lb) $.26 $.65 $.16 $.085

If Sludge is Applied at 3 Tons Per Acre to Match N Requirements:

Nutrients Supplied (lb/acre) 120 84 12 36

Value of Nutrients (ignoring
value of nutrients in excess
of "maximum crop require-
ment") b/ $31.20 $16.90 $1.92 $1.28

Fertilizer Value Per Ton

Additional Nutrients Needed
to Supply Maximum Crop
Requirement (lb/acre) 0 0 38

If Sludge is Applied at 1 Ton Per Acre to Match P Requirements:

Nutrients Supplied (lb/acre)	 40 28 4 12

Value of Nutrients (ignoring
value of nutrients in excess
of "maximum crop require-
ment")	 $10.40 $16.90 $.64 $1.02

Fertilizer Value Per Ton

Additional Nutrients Needed to
Supply "Maximum Crop Require-
ments" (lb/acre)	 80 0 46 3

$28.96

1 $28.961

a/ Based on sludge with a composition of 2% N, 1.4% P, .2% K, .6% S

/ The resulting overapplication of P and S ordinarily causes no problem.
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APPENDIX B

TABLE B-1 Analysis of a Sludge Sample For the Rock Creek Facility (Hillsboro)
Second Digester, Done January 27, 1981

Parameter as mg/k 

pH	 6.85

Cadmium, Cd	 7.65

Chromium, Cr	 67.10

Copper, Cu	 1206.00

Lead, Pb	 201.30

Nickel, Ni	 38.45

Potassium, K	 4061.00

Zinc, Zn	 1383.00

Nitrogen forms as N

Ammonia	 11540.00

Nitrate	 359.00

Total Kjeldahl	 18230.00

Total Phosphate, P	 28430.00

Solids

Total	 4.29 percent

SOURCE: Computer printout provided by the process control supervisor.
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TABLE B-2. Typical Biogro Analysis (Salem)

Chemical Composition of a 1.2 Dry Ton (2,400 lbs.) Per Acre Application
1/

Pounds
Per Acre

Approximate
Percent

Constitutent

Humus (organic matter) 1,431 60%

Primary Nutrients

Total Nitrogen as N 242 10%

Available Nitrogen as N 128 5%

Phosphorous as P 48 2%

Potash as K 18 0.75%

Secondary Nutrients

Calcium as Ca 59 2.5%

Magnesium as Mg 13 0.5%

Soluble Sulfate as S 9 0.37%

Micro Nutrients

Copper as Cu 1.0 0.04%

Iron as Fe 43 1.8%

Manganese as Mn .8 0.3%

Molybdemun as Mo .08 0.03%

Zinc as Zn 2.8 0.12%

1/— A 1.2 dry ton per acre application is equivalent to approximately 12,000
gallons of liquid Biogro. For a balanced fertilizer program when using
Biogro, it is important to remember that potash must be added for those
crops requiring it.

SOURCE: City of Salem.
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TABLE B-3. Sludge Analysis for Sweet Home

CHILL
4‘nginerts
planneis
etononnMs
mienhMs

Environmental Laboratory

Date: July 14, 1980

Invoice No.: 27549

Subject: Analysis of a sludge sample for the City of
Sweet Home, Oregon. The sample was received
July 2, 1980, and assigned reference number 0778.

Parameter
as ppm*

Sludge

As Received	 Dry

6.0
Cadmium, Cd 0.481 6.26
Chromium, Cr 4.81 62.6
Copper, Cu 23.0 299
head, Pb 10.7 139
Nickel, Ni 0.62 8.07
Potassium, K 357 4,650
Zinc,	 Zn 72.8 948
Nitrogen forms as N

Ammonia 101 1,315
Nitrate 0.15 1.95
Total Kjeldahl 4,970 6.47%

Total Phosphate, P 1,580 2.06%
Solids

Total 7.68%
Volatile 5.25%

*Levels above 10,000 ppm are expressed as percent
(10,000 ppm = 1%)

All tests are performed in accordance with current Environ-
mental Protection Agency guidelines as-published in the
Pederal Register.

The information shown on this sheet is test data only and
no analysis or interpretation is intended or implied.

Samples will be retained 30 days unless otherwise requested.

Reported by: 'Val 4). 
Mary (g . Player

Corvallis Office, 1600 S.W. Western Blvd., P.O. Box 428, Corvallis, OR 97330
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TABLE B-4. Sludge Analysis for Albany

CH2M
111-1ILL

engineers
planners	 Environmental Laboratory
economists
scientists	 Date: January 16, 1981

Invoice No: 28018

Subject: Analysis of a sludge sample for the City of Albany,
Oregon. The sample was received January 7, 1981, and
assigned reference no. 2652.

Parameter
as ppm

Secondary Digester Sludge Grab
As Received	 Dry

Cadmium, Cd 0.336 7169
Chromium, Cr 32.0 732
Copper, Cu 21.3 487
Lead, Pb 9.92 227
Nickel, Ni 1.48 33.9
Zinc, Zn 52.8 1,210
Nitrogen forms as N

Ammonia 800 1.83%
Nitrate 1.17 26.8
Total Kjeldahl 2,610 5.97%

Total Phosphate, P 593 1.36
Potassium, K 120 2,750
Solids

Total 4.37%
Volatile 2.12%

pH 7.1

All tests are performed in accordance with current Environ-
mental Protection Agency guidelines as published in the
Federal Register.

The information shown on this sheet is test data only and no
analysis or interpretation is intended or implied.

Samples will be retained 30 days unless otherwise requested.

Reported by :4111 LULL{ .	 Z.4.1
Mary( . Playr

kms/LAB1CC1

Corvallis Office, 1600 S.W. Western Blvd., P.O. Box 428, Corvallis, OR 97330
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TABLE B-5. Sludge Analysis for Corvallis

Parameters
Secondary digester Solids storage basin Typical valuesc

Nov 1979b bJan 1980 Nov 1979b Jan 1980b Range Median

Total solids d 2.6 1.3 5.6 5.5 - -
Volatile solids,

percent of total solids 53 50 40 42 - -
pH7.3 - 7.2 - - -
Total Kjeldahl nitrogen d 4.6 10.7 3.8 4.2 0.5-17.6f 4.2
Or ganic-nitrogendie 0.4 6.6 2.6 2.5 - -
Ammonia-nitrogen 4.2 4.I 1.2 1.7 0.01-6.8 0.16

Nitrate-nitrogen 17,100 250 15,300 80.7 2-4,900 79
Phosphorus d 2.1 1.8 1.1 1.4 1.2-3.5 -
Potassium 5,230 - 2,320 - 1,400-4,000 -
Sulfurd - 0.6 - ' 0.7 - -
Arsenic - 7.0 - 4.7 10-50 8
Cadmium 10.0 7.7 11.4 7.3 ncf3-1,100 20

Chromium 211 126 207 153 22-30,000 600
Copper 388 431 364 364 45-16,030 700
Lead 488 400 546 273 80-26,000 600
Mercury - 2.7 - 1.1 0.1-89 4
Nickel 47.7 36.9 69.6 37.8 nd-2,800 100
Zinc 1,400 1,380 1,380 1,250 51-28,360 1,800
PCB <3.9 <1.1 <1.8 <0.25 - -

aExpressed as mg/kg on a dry weight basis unless otherwise noted.

bSample collection date.

bSource, Vesilund, P. Arne. Treatment and Disposal of Wastewater Sludges. Ann Arbor Science, 1979.

dExpressed as a percent.

eOrganic nitrogen equals total Kjeldahl nitrogen minus ammonia nitrogen.

(Reported as total nitrogen.

gNot detected.

SOURCE: Brown and Caldwell, City of Corvallis Sludge Management Plan, August 1980.
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APPENDIX C

TABLE C-1. Costs of Land Application Program, 1980, Rock Creek Facility
Unified Sewerage Agency

Annual Capital Costs Amount

a–Trucks and Equipment/
1974 diesel tanker $ 1,776.50
1974 diesel tractor 1,776.50
2 1976 tank trailers 6,942.00
2 1976 tractor trucks 6,231.00
1976 Peabody Barnes pump 200.00
1974 R.M. Wade Sprinkler system 214.00
1974 trailer and portable pump system (2) 1,248.00
lab equipment charges 42.00

$18,430.00

Annual Operating Costs

$ 9,635.001980 diesel fuel
repairs and maintenance 32,669.00
soil tests 28,510.00
advertising and promotion 250.00

Personnel
process control supervisor $23,399.00
4 drivers 75,161.00
1 of a utility worker 3,200.00
fringe benefits at 31 percent 31,389.00

$204,213.00

2/All equipment straight line depreciated for 10 years.

SOURCE: Unified Sewerage Agency
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TABLE C-2. Costs of Land Application Program, 1980, City of Salem

Annual Equipment Costs Amount

Vehicles
1/

3 tractor trailers
2 spreader buggies
1 older tank truck
1 pickup

$ 41,400
31,680
6,876
1,392

Other equipment 
2/

Irrigation equipment (including pipe, pump,
and spray gun) 3,218

Atomic absorption unit 1,700
$ 86,266

Annual Operating Costs

Lab fees 8,264
Advertising, printing, training, misc. 8,160

Personnel-
3/

3 drivers 65,000
2 seasonal drivers 12,000
manager 25,095
field representative 23,940
overtime 2,900

$145,359

1/
A yearly rental fee is charged to the treatment plant by the city accounting
department. It includes depreciation, fuel, maintenance, and insurance.

2/ .
— Straight line depreciation for 10 years.

3/ Includes Includes fringe benefits at 25 percent.

SOURCE: City of Salem
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TABLE C-3.	 Costs of Land Application Program, 1980, Sweet Home

Annual Costs Amount

DCG unit at $511 per month 2/ $6,132.00
Heavy metals test (once a year) 150.00
Percent solids test (once a month) 60.00

$6,342.00

2/ Estimate includes costs for chemicals and personnel.

SOURCE: City of Sweet Home

TABLE C-4. Costs of Land Application Program, 1980, Albany

Annual Costs	 Amount

Heavy metals test four times a
year at $150 each

Percent solids test daily at $5 each

Paid to farmer at $5.08 per thousand gallons

$600.00

1,260.00

50,165.00 

$52,025.00

SOURCE: City of Albany
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TABLE C-5. Estimated Costs of Land Application Program, 1980, Corvallis

Capital Costs 

50 acres (Dedicated Land Disposal Site)
2 tractor trailers
one injection vehicle
spraying system
pickup
Dedicated Land Disposal site preparation

(test wells)

Annual Operating Costs 

Operation at $10 person-hour (one
full time person plus 750 hours)

Administration at $14 person hour
(about 1/3 of a person)

Equipment maintenance

Dedicated Land Disposal maintenance

Promotion

Sample analysis

Amount 

$400,000.00
190,000.00
100,000.00
30,000.00
10,000.00

200,000.00 
$930,000.00 at 20 yrs.

and 10.25%
=111,107.00

27,500.00

11,200.00

40,900.00

3,100.00

2,000.00

4,500.00 

$ 89,200.00

SOURCE: Brown and Caldwell, City of Corvallis Sludge Manuscript Plan, and
City of Corvallis.
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APPENDIX D

SLUDGE DISPOSAL CONTRACT 

THIS AGREEMENT, made and entered into by and between the City of Sweet Home,

a Municipal Corporation, herein called the City, and

herein called the contractor;

WHEREAS, The City operates a wastewater treatment plant at Sweet Home in

Linn County, Oregon, and the operation of the plant produces a waste material

which is known as sludge, and which may be used as a fertilizer for some purposes;

and whereas, the City desires to dispose of said sludge and the contractor desires

to acquire said sludge;

W I T N E S S E T H:

In consideration of the mutual agreements herein contained, the parties

hereby agree as follows:

The City hereby agrees that the contractor may take the said sludge from

the said wastewater treatment plant. The City will provide access to the waste-

water treatment plant to the contractor at any reasonable time for the removal

of the sludge.

The contractor will provide suitable sludge transportation equipment and

will remove the sludge from the wastewater treatment plant on at least two days

of each week, and also on additional days as necessary, all as designated by the

City. The contractor will remove the sludge from the wastewater treatment plant

in a good and workmanlike manner, and in the event of any spillage of any of the

sludge, will clean it up in a good and sanitary manner.

The contractor will secure all permits for handling and transporting the

sludge, as may be required by Linn County, State of Oregon or any other regulatory

body. The contractor is an independent contractor, and not under the supervision

or control of the City. The contractor hereby agrees to hold the City harmless
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Appendix D (continued)

from any liability whatsoever on account of this operation in handling, trans-

porting, and disposal of the said sludge.

The term of this agreement shall begin on the 1st day of May, 1975, and

shall continue until terminated either by the mutual agreement of the parties,

or by the election to terminate and notice by one of the parties, as hereinafter

provided. In the event that one of the parties does not perform as required

herein, the complaining party may give written notice for the other party to

perform and that if the other party does not perform as required herein, that

the complaining party will elect to terminate this agreement. If the other

party fails to perform for a period of ten days after said notice, then the

complaining party may elect to terminate this agreement forthwith.

Either party may terminate this agreement by giving 60 days written notice

of its election to terminate the agreement. No cause for termination is required.

Said notices in regard to termination of this agreement shall be in writing

and shall be either mailed by certified mail to the other party at its last

known address, or delivered in person to the other party or one of its officers.

Dated this 22nd day of April, 1975.

CITY OF SWEET HOME

By:
Mayor

By:
City Manager

(contractor)
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APPENDIX E

SLUDGE DISPOSAL AGREEMENT

THIS AGREEMENT made and entered into this 	  day of 	 , 1977,

between the CITY OF ALBANY, OREGON, a municipal corporation, hereinafter referred

to as "City," and

	

	 of Route x, Albany, Oregon,

(owner)
hereinafter referred to as the "Owner,"

W I T N E S S E T H:

WHEREAS, the City of Albany operates a sewage treatment system which

produces a product consisting of a liquid digested sludge with the said sludge

being usable and valuable as a fertilizer and soil additive, and

WHEREAS, the Owner desires to use sludge produced from the sewage treatment

plant at the City of Albany and place the same on real property as described in

Exhibit "A" attached hereto, now, therefore,

IT IS HEREBY AGREED between the City and the Owner as follows:

COVENANTS OF THE CITY:

1. The City agrees to make available to the Owner an annual volume of

liquid digested sludge of approximately 6,500,000 gallons. This volume of sludge

may vary with a low of 55% of the above designated amount and a high of 125% of

the designated amount. The minimum amount that will be made available to the Owner

by the City shall not be less than 225,000 gallons per month.

2. The City shall load digested sludge into Owner's equipment at the

Albany Sewage Treatment Plant.

3. The said sludge to be made available by the City to the Owner is based

upon the ability of the Owner to dispose of the same on the property described

in Exhibit "A" consisting of approximately 169 acres. In the event that the

Owner shall secure additional land which is available for the deposit of
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APPENDIX E (continued)

sludge, the City shall make available to the Owner an additional 900,000 gallons

of digested sludge.

4. The City agrees to pay to the Owner as compensation for conveyance and

disposal of the digested sludge the sum of 	 per thousand gallons removed,

based upon measurement at the sewage treatment plant site. It is understood

and agreed between the City and the Owner that the rate of payment as herein

established shall be subject to annual adjustment. The adjustment shall be based

upon the increase or decrease in the Consumer Price Index for the Portland, Oregon

area. Any increase or decrease shall be determined as a percent of difference

from the Consumer Price Index as the same exists on the date of this agreement.

COVENANTS OF THE OWNER:

1. The Owner shall be responsible for conveying digested sludge from

the Albany sewage treatment plant to the location of use. The costs of disposal

and application to lands owned or under control of the Owner shall be at the expense

of the Owner.

2. This agreement shall not be assignable by the Owner without the prior

written consent of the City and the approval of the Oregon Department of Environ-

mental Quality.

MUTUAL COVENANTS:

1. It is mutually covenanted and agreed between the parties that controls

on the use of the sludge are required and must meet those requirements as pre-

scribed by the Oregon State Department of Environmental Quality. The Owner will

deposit the liquid sludge only on properties which have received the prior approval

of the Oregon Department of Environmental Quality.

This agreement shall remain in full force and effect for a period of

five (5) years from the date hereof, provided, however that should the City at

any time during the term of this agreement change the method of sewage treatment
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APPENDIX E (continued)

which will result in an inability to furnish the liquid digested sludge as

herein agreed, then and in that event all rights as herein set forth and

obligations of either party to this agreement may be terminated by written

notice of either party given thirty (30) days prior to the date of termination.

CITY OF ALBANY -- City

APPROVED AS
	

By

TO FORM:

City Attorney	 (owner)
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APPENDIX F

Persons Contacted 

Unified Sewerage Agency: Rock Creek Facility 

Clarence Ortmann
Process Control Supervisor
Rock Creek Wastewater Treatment

Facility
3125 S.E. River Road
Hillsboro, OR 97123

City of Salem 

Dave Wiley
Management Analyst
City of Salem
Salem, OR 97301

Harry Tavenner
Sludge Disposal Supervisor
Wastewater Treatment Plant
5915 Windsor Island Road
Salem, OR 97303

Sweet Home 

Al Cates
Superintendent
Wastewater Treatment Plant
Pleasant Valley Road
Sweet Home, OR 97386

Albany 

Sally Starbuck
Financial Analyst
Unified Sewerage Agency
150 N. 1st Street
Hillsboro, OR 97123

Larry McCaffrey
Plant Superintendent
5915 Windsor Island Road
Salem, OR 97303

Dixie Drury
Field Representative
Wastewater Treatment Plant
5915 Windsor Island Road
Salem, OR 97303

Ken Hamel
Superintendent
Wastewater Treatment Plant
408 Waverly Drive N.E.
Albany, OR 97321

Corvallis 

Marvin Daniels
Superintendent
Wastewater Treatment Plant
Corvallis, OR 97330

Jim Gobell
Assistant Superintendent
Wastewater Treatment Plant
408 Waverly Drive N.E.
Albany, OR 97321

Kerry Brough
Treatment Coordinator
Utilities Division
City of Corvallis
Corvallis, OR 97330
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