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SUMMARY 

To maintain water depths in Great Lakes' harbors, the Corps of 

Engineers dredges these harbors and associated waterways as a routine 

maintenance operation. The dredged materials, in the eight harbors 

studied in this report, range from about 100,000 to 1,000,000 cubic yards 

annually per harbor. At present, most are dumped in the deep waters of 

the Lakes. 

The dredgings contain organic matter that contribute to pollution of 

the Lakes. This report was authorized to study methods of treating the 

dredgings so they would be non-polluting if returned to the Lakes. 

About 15% of the dredgings consists of material that is sand size 

or larger. This fraction is fairly clean but does contain some polluting mat¬ 

erial , which would have to be removed. These large particles would be 

separated from the dredgings as they are being pumped from the dredges to 

a storage area on dry land. The remaining material would be allowed to settle 

for several days to compact. Excess water would be decanted and treated be¬ 

fore discharge into the nearby harbors. 

Various processes were investigated to treat the remaining solids 

which contain some 10% organic material. The processes included: 

Anaerobic Stabilization Wet Oxidation 

Aerobic Stabilization Fluid Bed Incineration 

Chemical Oxidation Multiple-Hearth Incineration 
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When the treatment process had a final liquid-solid product, the 

separation of the solids was studied. 

The study of each process was divided into three sections: design 

considerations, capital costs and operating costs. Cost curves were devel¬ 

oped for annual dredging rates of 100,000; 500,000; 1,500,000 and 3,000,000 

cubic yards per year, and an expected treatment time, generally, of 270 days. 

With these cost curves it is possible to obtain costs for any combination of 

treatment processes. Variations in the concentration of solids and the quantity 

of volatile solids in the dredgings were also considered and cost curves were 

drawn for various reasonable combinations. 

Each process studied has advantages and disadvantages, and each pro¬ 

duces a final product that differs from the others. It was assumed that the 

stabilization of biodegradable volatile matter in the dredgings was the prime 

consideration for the purpose of comparing the end product of the treatment 

process. 

For sludge thickened to 45% solids and with a volatile solids content of 

10%, multiple-hearth incineration is the most economical treatment process, on 

an annual cost basis, followed very closely by aerobic stabilization. However, 

the capital costs of incinerators, to handle 1,000,000 cubic yards annually is 

some $12,000,000 while those for aerobic stabilization are $7,585,000. Thus 

the final decision on a treatment process may be based on factors other than 

lowest annual cost. Table 20 on Page 157 presents the costs of various treat¬ 

ment methods for a 1,000,000 cubic yard per year facility. 
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It is recommended that either the Buffalo or Cleveland harbor be 

used for pilot plant work to prove out the information contained in the re¬ 

port. Both harbors have dredgings with average characteristics and elec¬ 

tric energy is readily available at existing dredging storage areas. 

S-3 



ENGINEERING FEASIBILITY REPORT 
ON SELECTED TREATMENT PROCESSES 

FOR GREAT LAKES DREDGINGS 

A. BACKGROUND 

I • Prior Practice of the Corps of Engineers 

The United States Army Corps of Engineers is responsible for main¬ 

taining the navigable waters of the harbors on the Great Lakes. Mainten¬ 

ance consists principally of dredging material out of harbor areas and water¬ 

ways to keep a minimum water depth. The Corps has been performing this 

work successfully for over one hundred years. In the past excavated 

materials have been hauled out to designated disposal areas in the Lakes 

and dumped. 

Two types of maintenance dredging are utilized in cleaning the har¬ 

bor channels. In the narrow confines of the harbors and rivers the dredging 

is done by clam shell dredges and attendant plant. The dredged material is 

loaded into bottom-dump scows and hauled for dumping in the designated 

dumping or spoil areas in the Lakes. In the other areas of the harbors and 

rivers the dredging is done by self-propelled hopper bottom hydraulic dredges. 

Material is sucked up by adjustable suction pipes and pumped into storage 

hoppers. After the hoppers are filled, the dredge makes a run to the spoil 

area in the Lake and empties its hoppers via bottom dump doors. 

Some of the hopper type dredges are so equipped that they can pump 

out the material for on-land disposal if desired. In the past this operation 

has been performed at only two harbors - Toledo and River Rouge. 
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The dredgings contain considerable organic matter which becomes 

septic and could degrade the waters of the Lakes. If possible, it would be 

desirable to somehow treat this organic matter to make it innocuous or to dis¬ 

pose of the dredgings in some other manner. 

2 . Present Plans of the Corps of Engineers 

Realizing that maintenance dredging of the Great Lakes harbors will 

have to continue , the Corps of Engineers has undertaken to study alternate 

methods for disposal of the dredgings without aggravating the pollution prob¬ 

lem in the Lakes. One of the alternates to be studied is the treatment of the 

dredgings so they may be dumped, as at present, or used as stable fill with¬ 

out causing a nuisance. 

Eight pilot harbors were designated to be studied. They are as 

follows: 

1) Buffalo Harbor, Lake Erie 

2) Cleveland Harbor, Lake Erie 

3) Toledo Harbor, Lake Erie 

4) Rouge River, Detroit River 

5) Indiana Harbor, Lake Michigan 

6) Calumet Harbor, Lake Michigan 

7) Green Bay Harbor, Lake Michigan 

8) Great Sodus Bay Harbor, Lake Ontario 

Of the eight harbors, the first seven are generally heavily polluted, 

while the sediments from Great Sodus Bay Harbor are fairly low in pollutants. 
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3 • Nebolsine, Toth, McPhee Associates' Participation in the Project 

The Corps of Engineers retained Nebolsine, Toth, McPhee Associates 

under Contract DACW4969 C 0001 for Consultant Engineering Services for 

Feasibility Study of Methods of Treating Dredge Slurries to Eliminate Pollution. 

The scope of the work to be performed under the contract was as 

follows: 

a) Studies of the physical separation of inorganic solids from 

organic solids. 

b) Studies of the dewatering, storing and conveying of inor¬ 

ganic solids for transport to a spoil area at a later time. 

c) Studies of treatment of organic solids and its associated 

water. 

d) Study of possibility of pumping the water portion of the 

dredgings to local sewage treatment plants for treatment. 

e) Preparation of preliminary engineering designs and con¬ 

struction cost estimates. 

f) Preparation of annual costs of treatment facilities. 

g) Preparation of a report covering design parameters used 

. and other considerations taken in designing the treatment 

facilities. Advantages and disadvantages of the alternates 

studied were to be reported and recommendations for further 

investigations were to be made. 
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The work to be performed by Nebolsine, Toth, McPhee Associates 

(NTMA) depended on information to be furnished by the Corps of Engineers 

and by other consultants to the Corps of Engineers. Laboratory investigation 

of the characteristics and treatability of bottom samples was to be performed 

by the Great Lakes Institute of the University of Wisconsin. NTMA was to 

perform no testing except to arrange for a collection of dredge samples for 

testing in the laboratories of equipment vendors. The report covering the 

work being done at the University of Wisconsin is due at approximately the 

same time as this report. To expedite the work to be done, NTMA made sev¬ 

eral visits to the University of Wisconsin and worked closely with the per¬ 

sonnel assigned to the project. At the time this report was prepared some 

testing work was still unfinished. Where there was sufficient laboratory 

data to permit the selection of design parameters, NTMA has based its work 

on past experience with similar wastes and this report notes where such as¬ 

sumptions have been made. 
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B. CHARACTERISTICS OF DREDGINGS 

1. General 

Maintenance dredging by the Corps of Engineers removes, from the 

river and harbor channels, sediments comprised of materials from agricultural 

and urban run-off, and domestic and industrial waste water discharges. The 

composition of the dredgings reflects the constituents in the contributing 

sources. For the most part they are composed of silts and clays from land 

run-off. However, they are often heavily polluted with objectionable con¬ 

taminants. Prior to the pilot program the Federal Water Pollution Control 

Administration sampled sediments from some forty-four Great Lakes harbors 

and analyzed them as to degree of contamination. More extensive studies 

then were planned for eight pilot areas, seven of which are highly polluted 

and one relatively clean. The data on the characteristics of dredgings is 

limited. It is composed chiefly of samples collected within the last year. 

Two types of samples were collected; one was samples of in-place sediment, 

the other, samples of the contents of the hopper dredges. These samples 

and the analyses were discussed in reports on the pilot harbors by the 

FWPCA and the Corps of Engineers' Great Lakes Research Center. Table 

No. 1 summarizes the quantities and characteristics of dredgings from the 

pilot harbors based on the data in the reports. 

As part of the pilot harbor program, a contract was let to the Univ¬ 

ersity of Wisconsin to analyze samples of sediment from the pilot harbors 

and to perform treatability tests on these samples. Five samples from each 
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of seven harbors and three from one were taken at various points as repres¬ 

entative of the materials to be dredged. The general location of these sam¬ 

ples at each harbor is indicated on the maps of the harbors. (See Appendix 

A.) The analyses of these samples and laboratory treatability tests are being 

performed concurrently with the preparation of this report. However, data 

which was available is included to indicate the characteristics of the sedi¬ 

ments . 

2. Physical Characteristics 

Table No. 2 presents the results of analyses of the sediment samples. 

The sample code letter is the first initial of the eight pilot areas previously 

discussed. The sediments, suspended in water, form a mass of sludge 

which varies in consistency depending upon the solids' characteristics. The 

in-place sediment samples usually contain about 40 to 50% solids by weight. 

However, the solids content can vary considerably outside this range as 

shown in Table No. 2. The solids are classified as follows: 

Gravel - particles greater than 2 mm in size. 

Sand - particles between 2 mm and 63 microns. 

Silt - particles between 63 and 4 microns. 

Clay - particles less than 4 microns. 

These fractions occur in widely varying percentages from sample to sample. 

In addition, the dredgings will contain other debris such as broken glass, 

stones, bricks, pieces of metal, etc. In general, there is a greater percen¬ 

tage of coarse materials in the river sediments where currents are relatively 
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fast as compared to the sediments from the more open harbor areas. Harbor 

area sediments in some instances, however, can contain considerable sand 

deposited by littoral drift. The specific gravity of the solids is influenced 

predominantly by the siliceous nature of the silts and clays and thus is 

generally over 2. 

The portion of the solids which are volatile and, presumably, organic 

for the most part, varies considerably. The average is about 10%. It is 

essentially this portion of the sludge, along with associated phosphorous, 

that makes it so objectionable. 

The dredgings vary in color, the range from light grey to black indi¬ 

cates the occurrence of anaerobic decomposition in the muds. Some sam¬ 

ples reflected the predominant color of industrial waste material, in par¬ 

ticular, the reddish color of iron hydroxides. 

The sludges from the river have been lying in place for a year or 

more and are at about maximum compaction. Re-suspending the solids by 

dilution and then resettling resulted in a more dilute sludge. This is indi¬ 

cated by short term settling curves run on samples diluted to 10% and 20% 

solids at the University of Wisconsin. The results of these tests are sum¬ 

marized in Table No. 3. 

In the plain settling tests, raw mud samples were diluted to approxi¬ 

mately 20% solids, mixed, and allowed to settle in a one-liter cylinder for 

two hours. Analyses of the supernatant and calculations of the settling rate 

and unit area requirements were made. As can be seen from the initial and 
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final solids, there is a large variation from sample to sample in compaction. 

Comparing the final solids with the solids concentration of the raw muds 

shown in Table No. 2, it can be observed that the sludges have not compac¬ 

ted back to the original values. The interfacial settling rate is for the period 

in which the sludge compacts at a constant rate, after which the rate de¬ 

creases considerably. Although variations from sample to sample are great, 

most samples would require long detention periods to attain the solids content 

in the original samples (weeks to months). The unit thickener area calculated 

is only for the final solids concentration attained in the test and would have 

to be greatly increased for compaction to the original solids content. 

Phosphorus content in the supernatant varied; it was generally less 

than 1 mg/1. The higher values occurred usually when the turbidity of the 

supernatant was high due to.poor settleability of fines in the sample. Suspen¬ 

ded solids were not run on the samples but an estimate of clarity was made by 

observing photos of the supernatants. 

Filterability tests were run on the raw mud samples using a Buchner 

funnel under vacuum. The final columns show the change in moisture content 

of the samples after filtering for thirty minutes. There is considerable varia¬ 

tion in the filterability of the samples. In general, the increase in solids 

content was relatively slight. 

Mud washing studies were run in which sediment samples were dilu¬ 

ted to about 10% solids, aerated and settled. Table No. 4 shows the results. 

The initial supernatant is the layer of solids-water above material which 





settled in two minutes; this material is presumably grit. Grit quantities 

varied considerably in the various samples from a low of 1.0% to a high 

of 96% in the relatively clean Sodus Bay Samples. 

The final supernatant is the liquor above the sludge after two 

hours' settling. Final supernatants contained some turbidity, phosphates, 

nitrogen and COD. Approximate settling rates for the solids and the final 

solids concentration after two hours' settling are also shown in Table No.4. 

The average solids concentration in the sludge layer after two hours was 

295.9 g/l as compared to the average of 560 g/l solids concentrations of 

the original undisturbed samples. 

Separation of the heavier sand-gravel portions of the solids would 

seem quite possible by hydraulic methods. Some fines and organics, how¬ 

ever, would need be washed from the grit obtained in the initial separation 

in order to obtain a clean material. 

3. Chemical Characteristics 

As previously mentioned, by far the greater portion of the dredgings 

is soil; silica is the main constituent. Samples of the sediments were anal¬ 

yzed for other chemical constituents, as shown in Table No. 2. The volatile 

solids in the sediments are mostly composed of organic materials both from 

the natural environment and from human activities. Some inorganic materials 

such as those with water of hydration could also, however, contribute to the 

volatile solids content. The range of volatile solids content is considerable 

with the average being about 10%. 
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Chemical oxygen demand tests were performed on samples of dredg¬ 

ings and the results are shown in Table No. 2. This value, which to a great 

extent measures organics in terms of oxygen required to convert them to 

C02 and water, is quite significant. Presumably by either chemical or bac¬ 

teriological action over a period of time, much of the COD would have to be 

satisfied to stabilize this material. 

Phosphorus, one of the most significant compounds involved in the 

high eutrophication rates in the Lakes is found in significant quantities in 

the sediments. This phosphorus, for the most part, appears to be insoluble 

or at least adsorbed on soil particles. The objection to this chemical, part¬ 

icularly in the organic form, is that through biological action and slight chem¬ 

ical solubility, it becomes available as a nutrient to bacteria and algae which 

hasten the aging of the Lakes. 

Nitrogen has also been measured in significant quantities in the muds. 

This material is also a nutrient to the plankton in the lake. Nitrogen enrich¬ 

ment of the lake, however, is not as controllable as phosphorus and since 

other natural sources are heavy contributors the nitrogen contributed by the 

mud is somewhat less significant than the phosphorus contribution. 

Iron and oils or greases have been found in high quantities from some 

of the harbors and are indicative of industrial pollution. The oils or greases 

contribute to the volatile solids and chemical oxygen demands of the sediment, 

and can be a source of organic matter for undesirable biological growths in the 

lake bottoms. 
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4. Biological Characteristics 

The biological characteristics and the effect of the sludges on vari¬ 

ous forms of biological life are being studied at the University of Wisconsin, 

concurrently with the preparation of this report. The available findings on 

the effects on biological life at the time of the writing of this report were 

very incomplete. However, indications were generally that the sediments 

mixed with pure cultures of various plankton would initially depress plankton 

growth followed by a subsequent increase in growth. In a reported test, sedi¬ 

ment from one harbor showed high toxicity to a plankton species after several 

days' exposure. 

Only a few harbor sediments were analyzed for biological oxygen 

demand as shown in Table No. 1. These results indicated a fairly low BOD 

as compared to the measured COD. Considering the tremendous quantities of 

dredgings, the value, in terms of total pounds, could be quite significant. If 

acclimatized seed were used for the BOD tests, the BOD values may change 

considerably so that this parameter would assume greater importance. 

The University of Wisconsin performed tests on the aerobic and an¬ 

aerobic treatability of the various harbor sediment samples collected. Aerobic 

studies were made on sediments diluted to about 4000 mg/1 total solids. With 

such dilutions, however, the COD values were quite low. The data was in¬ 

complete at the time of preparation of this report and no conclusions as to the 

extent of reduction of biological demand, volatile solids or COD could be 

made. Aerobic tests on sludges at 10% solids were also performed. 
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The results are shown in Table No. 5. Significant COD reductions on 

some samples were obtained after five days of aeration. Table No. 6 shows 

the reduction in COD obtained by aerating supernatant obtained by settling 

10% sludges for 6 1/2 hours. Unfortunately, BOD tests were not performed on 

these sludge samples. However, it might be presumed that if the sludges had 

a BOD demand it would indicate that they were not toxic and that this demand 

could be satisfied by aeration. Correlation of the destruction of volatile solids 

and BOD reduction with time of aeration would require testing. 

The anaerobic studies were performed by seeding samples of sediments 

with a locally obtained digester sludge in closed digesters at room temperature 

and observing the gas production. These tests gave an initial indication of the 

response of the sediments to anaerobic decomposition. Because of difficulties 

in sampling accurately and the necessarily small size sample tested, the most 

significant data obtained from these studies was gas production. Even the 

most prolific gas producing sludges, however, yielded only about one cubic 

foot of gas per pound of volatile solids after twenty-five days of digestion. 

Table No. 7 summarizes some of the data available on anaerobic decomposition. 

While these tests are by no means conclusive, since such parameters as temper¬ 

ature, mixing, continuous feed, adaptation of micro-organisms, etc. were not 

all controlled or determined, they do give some indication of the activity of these 

sludges. It can be observed that for some sludges essentially no anaerobic 

biological action occurred, while for a few, considerable gas production was 

observed. In general, under test conditions, anaerobic activity appeared to be 

quite low. 



TABLE NO. 5 

AEROBIC TREATMENT OF SLUDGES 

10% SOLIDS CONCENTRATION 
AERATION PERIOD 4 DAYS 

UNIVERSITY OF WISCONSIN TESTS 

Sample 

R-l 

R-6 

G-3 

Ca-4 

T-3 

1-9 

Cl-1 

Cl-3 

B-2 

B-4 

S-l 

S-2 

COD mg/1 
Sludge Initial 

16,000 

35,000 

18,650 

15.800 

12.800 

38,500 

34,000 

16.320 

18,800 

10,800 

11.320 

6,400 

32.800 

58, 300 

17,850 

33.800 

19, 850 

87.300 

59.600 

13,900 

47.600 

20.800 

45,800 

33.300 

_ % Overall COD 
Supernatent* Reduction ** 

664 

430 

1000 

82 

78 

258 

398 

291 

410 

623 

488 

618 

45.0 

0 

Slight-No Significant 
Settling 

11.4 

19.3 

14.9 

17.3 

65.0 

10.6 

15.7 

0 

36.0 

* Liquid above solids after settling for 2 hours. 

** Calculated based on sludge and supernatent COD 
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TABLE NO. 6 

G-l 357 

G-3 128 

Ca-5 13 

T-3 75 

T-4 220 

B-l 208 

B-4 23 

1-6 178 

1-9 395 

Cl-3 145 

*S-1 65 

% 

COD Reduction 

55 

23 

0 

0 

0 

7.5 

64 

0 

58 

75.6 

0 

40 38.5 

AEROBIC TREATMENT OF 
SUPERNATANT FROM MUD SETTUNG 

AERATION PERIOD 6 -1/2 HOURS 

_COD mg/1_ 
Sample_ Initial_ Final 

* R-l 458 247 

274 

158 

21 

79 

203 

75 

35 

75 

96 

147 

* These samples were settled to 20% total solids Instead of 10% 
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TABLE NO. 7 

SUMMARY OF ANAEROBIC TREATMENT DATA FROM UNIVERSITY OF WISCONSIN 
COD 25-Day 

Gas Production 
in uuu 

Sample Total Solids'1 Volatile Solids® Initial Final 
_aZi 
G 1 177.0 

2 188.0 
3 143.8 
4 157.5 
5 394.3 

I 6 598.2 
7 226.1 
8 182.0 
9 219.6 

10 175.2 
R 1 654.9 

2 485.1 
3 676.6 
4 416.2 
5 704.6 

B 1 328.8 
2 192.2 
3 193.9 
4 231.0 
5 214.2 

T 1 198.7 
2 238.3 
3 354.2 
4 232.5 
5 173.5 

Ca 1 103.5 
2 
3 555.5 
4 530.0 
5 540.0 

Cl 1 225.0 
2 264.7 
3 227.6 
4 219.7 
5 229.7 

S 1* 200.3 
2 111.0 
3 54.7 

_sZL 
19.7 
9.6 

19.2 
23.7 
22.6 
48.6 
31.6 
19.1 
36.6 
37.3 
64.3 
65.1 
57.7 
79.2 
60.4 
24.1 
19.2 
17.8 
11.2 
10.9 
19.3 
22.4 
27.5 
23.5 
10.5 
7.2 

48.7 
36.7 
43.4 
23.1 
20.6 
24.0 
16.6 
13.6 
14.5 
6.4 
2.3 

q/1 q/1 
23.1 25.0 

3.6 3.3 
25.4 24.5 
29.8 26.1 
25.8 21.9 
38.4 47.6 
29.8 
29.8 
45.6 
70.6 
94.6 86.5 

101.5 89.3 
62.4 78.5 
72.5 70.5 
78.5 93.2 
31.2 
30.2 
40.3 
17.1 
19.8 
12.9 14.7 
16.2 19.2 
20.5 20.9 
22.2 22.0 
7.8 8.4 
9.5 11.8 

97.3 87.8 
67.0 69.6 
36.1 33.8 
49.2 
24.6 
36.4 

7.9 
5.9 

18.5 
5.5 
0.6 

CF/»VS (3) 
0.350 
0.133 
0.393 
0.666 
0.223 
0.103 
Poor 
Poor 
Fair 
Fair 
0.370 
0.168 
0.777 
0.975 
0.173 
Good 
Good 
Poor 
Poor 
None 
0.356 
0.199 
0.149 
0.366 
0.187 
0.368 

0.020 
0.112 
0.053 
Poor 
Poor 
Good 
Fair 
Fair 
Poor 
None 
Poor 

(1) In sample under anaerobic test. (2) Volatile portion of total solids. 
(3) I, B, Cl, S started 7/25/68, data not received as of 9/6/68. Comment 
based on observed raw data. (Cubic feet per pound of volatile solids.) 
♦Sample from area not dredged by Corps of Engineers. 
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C. TREATMENT CONSIDERATIONS 

1. General 

During the study of treatment processes for the dredgings, it became 

evident that the material would have to be stored on dry land for some time 

prior to treatment. The storage areas would serve as surge basins as the 

treatment rate would be constant, while the feed from the dredges would be 

intermittant and at varying rates. 

The storage areas and treatment processes raise three problems: 

a) To handle the bottom deposits, the dredging operations ulti¬ 

mately have to dilute the solids to a 10 to 20% concentration 

(dry solids by weight). The hopper bottom dredges are required 

to do this in order to pump the dredgings from their hoppers to 

to the storage areas. The clam shell type dredges would not 

normally require the dilution of the excavated material, but in 

order to unload the scows, to the storage areas, the only feas¬ 

ible way that will minimize pollution of the adjacent harbor 

waters is to use a hydraulic dredge taking suction inside the 

scow. 

To dilute *he harbor bottoms requires a large volume of water. 

When the diluted sludge is allowed to stand fora period of days, the 

heavier solids settle and compact. The water remaining con¬ 

tains light suspended particles. To keep the storage areas to 

a minimum size, the water that separates from the solids should 
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be discharged back to the adjacent harbor waters. Before 

this can be done, the suspended solids in the water will have 

to be reduced to a minimum. This is the first problem. 

b) The solids removed from the harbor bottoms are made up of 

particles ranging in sizes from 4 to 5 inch pieces of broken 

concrete to fine clay and silt particles. The larger particles 

down to fine sand (100 microns) are generally inert and could 

be used as a clean stable fill or deposited on the lake bottom 

without causing pollution. The separation of these larger in¬ 

ert particles from the finer particles is the second problem. 

c) After the larger inert particles are removed from the dredg¬ 

ings, the remaining smaller particles will have to be treated 

before they can be considered acceptable for stable fill or for 

deposit on the bottom of the lakes. These smaller particles 

contain volatile solids, oxygen demanding solids, bio-degrad- 

able solids, oils and greases and phosphorus compounds. The 

treating of these solids to a form that will make them acceptable 

for use as stable fill or for depositing on the bottom of the lakes 

is the third problem. 

In all of the three basic problems there are many other associated 

factors such as storing of dredged materials, rehandling of the dredged mat 

erials, pumping of sludges and handling of the treated water and solids. 

2. Basic Operation Assumed 

In preparing treatment processes a basic flow-materials pattern had 
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to be assumed. The treatment rate would depend on the relative economics 

of all of the variables that have to be considered. The basic flow pattern 

is shown on Plate No. 1. 

Wherever economically feasible, the larger particles will be separ¬ 

ated and washed as the dredgings are pumped from the dredges and scows. 

The larger clean particles will be discharged to scows for hauling to desig¬ 

nated disposal areas. The sludge containing the smaller particles will be 

discharged to a diked-off storage area. The water separated from this sludge 

will be treated to remove sufficient suspended solids so that the water can 

be discharged to the adjacent harbor waters. The thickened solids will be 

extracted from the storage area and treated for reduction of contaminants. 

The treated solids will be handled and transported to scows for hauling to 

designated disposal areas. The water separated from the treated solids 

will be treated to remove excess suspended solids and bio-chemical oxy¬ 

gen demand (BOD). 

The same storage area will be utilized for each year's dredging 

until such time as the maintenance dredgings no longer require treatment 

before being dumped into the lake. 

3. Utilization of Adjacent Sewage Treatment Facilities 

On possible method of treating the organic fractions of the dredg¬ 

ings is to convey them to nearby sewage treatment plants for processing. 

The quantity of dredgings was the major consideration in investigating this 

alternate. Before being dumped into any portion of a municipal sewerage 

system, the dredgings would have to be diluted to very thin consistency 



to prevent depostion in the sewers. This diluted sludge would have to contain 

less than 1% solids by weight and in all probability less than 1/2 of 1%. 

Using a 1/2 of 1% sludge, the daily volume to be handled for various 

yearly dredgings, equalized over one year would be as follows: 

Volume of 
Dredgings/yr. 

100,000 c.y. 

500,000 c.y. 

1,000,000 c.y. 

Pounds of (a) (b) 
Dredgings/yr. 

107 X 106 

535 X 106 

1070 X 106 

Pounds of (c) 
Sludqe/day 

59 X 106 

293 X 106 

506 X 106 

Gallons (d) 
Per Day 

6,950,000 

34,750,000 

69,500,000 

(a) Corps of Engineers estimate 1 c.y. of average dredging 
contains 1250 lbs. of dry solids. 

(b) Assume 15% of solids removed as sand and gravel. 

(c) Assume 365 days per year and 0.5 percent sludge by weight. 

(d) Based on 8.4 pounds per gallon. 

It is evident that if a 0.5 percent sludge was to be accepted, the addit¬ 

ion of dredgings from a 100,000 cubic yard per year operation would be equal to 

accepting a sewage flow from an increase in population of 69,500 people and for 

a 1,000,000 cubic yard per year operation, a sewage flow from an increase of 

695,000 people. Nowhere in the pilot areas being studied does this appear to 

be feasible. 

The other alternative was the pumping of a heavier sludge to the adjac¬ 

ent treatment works for treatment and disposal with the sewage sludges. 

Once again the quantities to be handled are the determining factor. Assuming 

10% sludge by weight, the daily volumes to be handled for various yearly 
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dredgings, equalized over one year, would be as follows: 

Volume of 
Dredgings/vr. 

100,000 c.y. 

500,000 c.y. 

1,000,000 c.y. 

Pounds of (a) (b) 
Dredqlnqs/vr. 

107 X 106 

535 X 106 

1070 X 106 

Pounds of (c) 
Sludge/Pav 

2.9 X 106 

14.7 X 106 

29.3 X 106 

Cubic Feet (d) 
Per Day 

44,500 

222,000 

444,000 

(a) Corps of Engineers estimate 1 c.y. of average dredging 

contains 1250# of dry solids. 

(b) Assume 15% of solids removed as sand and gravel. 

(c) Based on 10% sludge byweight and 365 days per year. 

(d) Based on 66 pounds per cubic foot. 

In a domestic sewage treatment plant 1000 people contribute approxi¬ 

mately 150 pounds per day of dry sludge solids. This is equivalent to 40 

cubic feet assuming 6% solids in the sludge. Based on this comparison, 

then a 100,000 cubic yard per year dredging operation would be equivalent 

to an additional population of 1,110,000 and for a 1,000,000 cubic yards 

per year dredging operation, the equivalent would be 11,100,000 people. 

Once again it is evident that no treatment plant in the pilot areas could 

accept these additional loads. Not only would the volume be excessive, 

but because of low volatile solids concentrations in the dredgings, the 

operation of any anaerobic digestion, wet oxidation or incineration facil¬ 

ities may prove to be troublesome. 

Because of the volumes to be handled, treating the dredgings in 

adjacent sewage treatment plants was not investigated further. 
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4 . Subdivision of Operations 

To develop a series of cost curves so the total costs for handling, 

treating and disposing of the maintenance dredgings by various methods can 

be evaluated, the operations have been broken down as follows: 

a) The separation of sand and gravel and larger size particles from 

the dredgings as the dredgings are discharged from the dredges or scows, 

and the handling of the larger particles. 

b) The storing of the smaller particles. 

c) The rehandling of the smaller particles up to the treatment process. 

d) The treating of the smaller particles. This operation is further 

broken down into unit processes: 

I. Aerobically stabilizing solids. 

II. Anaerobically stabilizing solids. 

III. Chemically stabilizing solids. 

IV. Wet oxidizing solids. 

V. Incineration of solids. 

e) The treatment of contaminated water fraction of the dredgings. 

This is required both in the water separated from the dredged solids in parts (a) and 

(b) above and the water separated from the anaerobically stabilized, chem¬ 

ically stabilized and wet oxidized solids. 

f) The dewatering of treated solids and handling of solids up to the 

point of transporting them to the disposal areas. 

By combining (b), (c), (e) and (f) with one of the treatment opera- 



tion under (d), a complete treatment process can be established. The 

following sections of this report will analyze in detail the design, con¬ 

struction costs and operating costs of each of the operations listed above. 

The cost of removing sand and gravel from the dredgings cannot be easily 

associated with the treatment costs, therefore the cost figures that have 

been developed are to be used with the dredging costs. 
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D) UNIT OPERATION STUDIES 

In studying the various unit operations, as described in the following 

sections, a series of design conditions were picked so that cost curves cover¬ 

ing a broad range of annual dredging quantities could be established. The 

basic design conditions selected were as follows: 

Annual Dredgings Treatment Time Pounds of Dry 
Solids per Day 

3,000,000 cu. yds. 

1,500,000 cu. yds. 

500,000 cu. yds. 

100,000 cu. yds. 

13,750,000 

6,875,000 

2,290,000 

458,000 

270 days 

270 days 

270 days 

270 days 

The 3,000, 000 cubic yards annual quantity has been selected to 

establish a point on the cost curves for analysis of certain unit operations 

that might be considered at higher rates and portable from harbor to harbor. 

The 270 days used above was selected instead of 365 days because 

of the anticipated problem associated with dredging and operating equipment 

during the extreme winter months. There are two exceptions to the 270 day 

period used, in the case of the aerobic treatment unit operation, 240 days has 

been used and in the case of the anaerobic treatment unit operation, 365 days 

has been used. 

Corresponding to the above treatment rates of dry solids per day, 

annual operating and maintenance costs are also developed. Total annual 
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costs of amortization, interest, operating and maintenance costs have been 

completed and converted to costs per cubic yard and presented both in tabular 

form and a graphic plot of annual cobuc yards versus cost per cubic yard. 

In establishing the capital or first costs of the Unit Operations studies, 

the following subdivisions of costs were obtained and totalled: 

1) Cost of installed equipment. 

2) Cost of structures and buildings. 

3) Cost of foundations. 

4) Cost of electric power supply. 

5) Cost of site work. 

The cost of installed equipment was obtained from the vendors since 

the nature of this study was a feasibility study and the cost was all-inclusive. 

All vessels, pumps, compressors, piping, etc. were included in the vendor's 

prices. All costs throughout the report are 1968 prices and no escalation has 

been included. 

The cost of buildings has been estimated on a unit of $20.00 per square 

foot for industrial type buildings including an allowance for office and labor¬ 

atory space. 

The cost of foundation work is based on the weight of the equipment 

plus an allowance for buildings and auxiliary structures multiplied by a unit 

cost of $30.00 per ton for piling and concrete work. Pilings were assumed to 

be ’H" sections, 50 feet long. 



The cost of electric supply is based on generating power by diesel 

generators at the treatment sites. This solution was used due to the fact that 

in several of the locations selected for the treatment, the availability of 

electric service was very questionable. If, after the individual projects have 

been investigated in more depth, the local electric utilities are competitive 

with on-the-site generation, then the choice can be made. In either case, 

the overall cost of providing the electric energy required should not be materi¬ 

ally different. Appendix No. B contains a set of curves used to develop 

electrical installations and operating costs. 

A factor of 5% of the overall construction cost has been used to cover 

the cost of site development, assuming the filling-in of sites is done by the 

spoiling of dredgings. The 5% should be sufficient to cover roadways, drain¬ 

age, etc. 

For annual maintenance a percentage of the installed equipment and 

structure costs has been used. Depending on the type of operation, the per¬ 

centage varies from 1% for facilities with minimum mechanical operation to 

15 % for high speed mechanical equipment such as centrifuges. 
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E. SEPARATION OF PARTICLE SIZES 

1) General 

Sieve analysis of dredqing samples from all of the pilot areas stud¬ 

ied indicated that all samples had some particles larger than 63 microns 

(see Table No. 2). The use of 63 microns as the dividing line is based on 

the standard of the soils engineers that classify particles above 63 microns 

as sand and everything below as silt or clay. 

A tabulation of the averages of the sieve analyses for the eight (8) 

pilot areas is as follows: 

Larger than 63 Microns Less than 63 Microns 

Sodus Bay 50.9% 

(Average Lake Ontario) 50.9% 

Buffalo Harbor 22.9% 
Cleveland Harbor 11.0% 
Toledo Harbor 11.7% 

(Average Lake Erie) 15.2% 

Rouge River 42.8% 

(Average Rouge River) 42.8% 

Indiana Harbor 31.7% 
Calumet Harbor 21.1% 
Green Bay Harbor 39.7% 

(Average Lake Michigan) 30.8% 

49.1% 

49.1% 

77.1% 
89.0% 
88.3% 

84.8% 

57.2% 

57.2% 

68.3% 
78.9% 
60.3% 

69.2% 

The average of all the harbors exclusive of Sodus Bay is 25.2% with the 

range of the individual samples from 0.8% to 81.8%. The 81.8% is prob¬ 

ably not correct since the analysis of the sample showed 45.6% larger than 

2 mm. Considering the size of the sample used, a pebble of this size or 
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larger could upset the analysis completely. For the purpose of generalizing 

conditions in this report, a percentage of 15% for all dredgings has been 

assumed to represent all particles larger than 70 microns. 

The mud washing test results reported in Table 4 of Section B show 

that there is a higher concentration of volatile solids in the grit fraction than 

in the silt-clay fraction. For the average condition of all samples, the original 

dredgings contained 9.1 percent volatile solids. After particle separation the 

silt-clay fraction contained 8.1 percent volatile solids and the grit fraction 

12.4 percent. The grit fraction represented 22.6 percent of all of the solids 

present in the dredgings. 

For Rouge River the average conditions of all samples, the original 

dredgings contained 11.3 percent volatile solids, the silt-clay fraction 9.0 

percent and the grit fraction 15.9 percent. The grit fraction represented 35 

percent of all of the solids. This individual harbor indicated the same basic 

characteristics as the average conditions for all of the harbors treated. 

The separation of the larger particles (70 microns plus) may be advan¬ 

tageous in the treatment of the Great Lakes' dredgings. The larger particles 

are more easily drained of their water fraction and will therefore consolidate 

to more stable fill even without treatment. If the higher percentage of vola¬ 

tile solids present a problem then these particles can be more economically 

treated than the smaller particles. The economics are primarily due to the 

higher concentration of solids possible plus the higher volatile solids and 

subsequent higher heat content. 
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In all of the above the unknown is the nature of the volatile solids. If the 

volatile solids are principally organic then the grit fraction may easily 

putnfy and become obnoxious, on the other hand, if principally the volatile solids 

are inorganic ornot easily bio-degradable, thegritmay be very stable. Another 

unknown is whether or not the volatile solids are agglomerated into larger 

particles or adhered to the surface of the inert sands and gravel. If this was 

the case then a violent washing of the grit, either before or after separation, 

would result in a very stable fraction. 

To further investigate this matter a large sample of dredgings from the 

Rouge River (220 gallons) was obtained and shipped to a manufacturei of 

particle separation and other treatment equipment for test on the separation 

of 70 micron and 10 micron particles plus settling, centrifuging and incinera¬ 

tion of the different fractions of the dredgings. Rouge River was selected for 

the work since it had high volatile solids and a high percentage of particles 

larger than 63 microns. (See Appendix "E" for complete test report). 

Liquid-cyclone-classifier combinations have been used successfully 

for liquids-solids separation in sewage and industrial applications for several 

years. Plate No. 2 is an outline of the cyclone-classifier process which 

consists of rough screening of the material as discharged by the dredge, 

pumping the screened dredgings through cyclones, discharging the cyclone 

overflow to an equalization lagoon and classifying the cyclone underflow. 
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The liquid cyclone is a device which converts pressure into velocity 

thereby increasing the gravity settling forces on the liquid to be treated. 

The solids in the liquid accumulate along the walls of the cyclone and are 

drawn off the bottom through an apex valve. The liquids portion is overflowed 

through a vortex pipe. The underflow is directed to a classifier where the 

concentrated particles settle and are dewatered up an incline by a ladder 

type scraper. 

The average results of the manufacturer's tests concerning the sand 

and gravel particle size separation are as follows: 

Sample as Received Cyclone Cyclone 
Overflow Underflow 

% Dry Solids 

% Volatile Solids 

BOD (mg/1) 

COD (mg/1) 

Total Phosphorus (ppm) 

Soluble Phosphorus (ppm) 

Bomb Calorimeter (BTU/lb.) 

% of Solids in Feed 

23.2 22.5 

14.05 17.3 

20,000 

81,000 

629 

4 

1450 

100% 89.8% 

58.3 

9.62 

778 

3 

10.2% 



Particle size determinations are as follows: 

% CUMULATIVE PLUS 

Tyler Mesh Sample as Received 

6 .158 

8 .42 

10 

14 

20 

28 

35 

48 

65 

100 

150 

200 

325 

From the test 

Cyclone Overflow Cyclone Underflow 

.23 .91 

.33 1.36 

.90 1.99 

1.21 2.66 

1.53 3.84 

2.12 5.73 

2.90 8.74 

3.60 15.28 

4.44 28.23 

5.94 45.43 

8.01 58.73 

11.33 67.40 

19.1 75.07 

cyclones would reduce the amount 

.63 

1.05 

1.58 

2.64 

3.70 

5.17 

7.3 

10.2 

13.6 

17.1 

25.6 

results the use of liquid 

of solids to be treated and also produce a dewatered sludge, which could be 

used either as landfill or returned to the lakes if the volatile solids loading 

could be reduced. Further test work should be performed on samples from all 

harbors under consideration since the amount of sample used in the above 

tests was relatively small and definite conclusions cannot be made at this 

time. 

-36- 



Ba sed on the above test data the costs of constructing and operating 

particle separation facilities have been investigated. 

2. Design Considerations 

Instead of using the four design loadings listed in the prior section 

of this report a different set of conditions was considered. Since the sand 

and gravel size fractions of the dredging solids may not require any additional 

treatment, it was decided that the best point in the treatment process to 

accomplish this would be as the dredgings were discharged into the storage 

area. By doing it at this point the rehandling of the larger size particles 

would be eliminated. 

The design loadings used to size the sand and gravel separation units 

was based not on annual dredgings but on actual dredge discharge rates. 

These dredge discharge rates for Cleveland and Buffalo Harbors are as follows* 

DREDGES 

Markham Lyman, Hoffman Scows Average 
& Haines Unloading 

Cleveland Harbor 

Loads per day 19.7 17.1 

Vol. discharged per 
load (cubic yards) 3910 1665 

Flow rate during 
discharge (gpm) 23,400 

Discharge % Solids 27.2 

8000 10,000 

19.85 15.0 22.3% 
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Buffalo Harbor 

Loads per day 

Vol. discharged per 
load (cubic yards) 

Flow rate during 
discharge (gpm) 

Discharge % solids 

14.6 

1395 

8000 

22.9 

10,000 

15.0 22.9% 

From the above available data three flow rates were chosen for study 

in selecting particle size separation units. The flows are 23,400 gpm, 

10,000 gpm and 8,000 gpm, which represent the expected flows from the 

various dredges and scows now in service in the Great Lakes harbors under 

study in this report. 

The amount of cubic yards dredged and subsequently to be treated by 

the particle size separation units was also considered in preparing costs. 

The amount of dredgings to be treated was assumed to be 50% of the total 

amount of cubic yards dredged by each type of dredging operation under con¬ 

sideration. The dredges will have to be scheduled so that the particle size 

separation unit will be available in the harbors needed when a dredging oper¬ 

ation is to start. This could be accomplished by staggering the harbors to be 

treated so that the particle size separation units would be moved from one 

harbor to another while the dredge was operating in a harbor that did not 

require treatment. 

The following is the approximate total annual dredging for each type of 

dredge operation: 
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Markham 

Hoffman, Lyman & Haines 

Scows 

Approximate Total 
Annual Dredgings 
Million Cu. Yds. 

6 Total 
2 Each 

1 

50% of Annual 
Dredgings 

Million Cu.Yds, 

1 

.5 

The following is a list of the harbors under study and the principal 

type of dredging used in each harbor: 

HARBOR 

Sodus Bay 

Buffalo 

Cleveland 

Toledo 

Rouge River 

Indiana 

Calumet 

Green Bay 

DREDGE TYPE 

Hoffman 

Hoffman and Scow 

Markham,Hoffman and Scows 

Markham 

Hoffman 

Scows 

Scows and Hoffman 

Markham and Scows 

As stated above, it was assumed that 15% of the dredgings are 

greater than 70 microns in size and would be removed by these units. 

3. Capital Cost Estimates 

In addition to the equipment costs received from the various manufac¬ 

turers, estimates were made of the approximate barge prices to carry the nec- 
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essary equipment. For the three design conditions the following summary 

was developed: 

Markham 

Dredge Discharge 23,400 

Lbs/min.dry solids 49,500 

15 % of dredgings (#/min) 7,430 

Scows Hoffman, Lyman & Haines 

10,000 8,000 

16,900 

2,540 

Installed Equipment 

Barge 

Electric Service 

Sub-Total 

Engineering & Contin. 

TOTAL 

$200,000 $110,000 

100,000 70,000 

131.000 68.000 

$431,000 $248,000 

108.000 62,000 

$539,000 $310,000 

$ 90,000 

70,000 

68,000 

$228,000 

57.000 

$285,000 

Based on these three design points Fig. No. 1 was developed. This 

curve provides the means of estimating the capital cost of particle size separ¬ 

ation facilities for any dredge discharge in gallons per minute. The capital 

costs from this curve are also used in developing the costs for financing the 

construction of the project. A term of ten years and 4-5/8% annual interest 

is used for this purpose, or a factor of 12.72% per year of the capital costs. 

4. Operating Costs 

Daily operating costs for particle size separation units are made up 

of the following: 
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I. Operating Labor and Supervision. 

II. Utility Costs (fuel,electricity,water.) 

III. Maintenance (labor and materials). 

For the item of Operating Labor and Supervision, the following table 

of the 24-hour manpower requirements was estimated: 

Dredge Discharge Rate (gpm) 23,400 10,000 

Superintendent 

Foreman 

Operators 

Asst. Operators 

Chemists 

Asst. Chemists 

Laborers 

TOTALS 

0 

1 

3 

3 

0 

0 

3 

0 

1 

3 

0 

0 

0 

3 

8,000 

0 

1 

3 

0 

0 

0 

3 

10 

Appendix C lists the daily labor costs used. The services of a 

Superintendent and a chemist have not been included due to the fact that the 

particle size separation units will be used in conjunction with some other 

subsequent treatment facility where these services will be readily available: 

Electricity requirements are as follows: 

Dredge Discharge (gpm) 23,400 10,000 8.000 

Electricity KWH/year 160,000 28,500 64,000* 

* The greater KWH usage for a smaller facility is due to the greater 
operating time per year. 

Appendix B lists the utility costs used. 
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Maintenance, labor and material costs were estimated to be 10% 

of the installed cost of equipment. They are as follows: 

Dredge Discharge (qpm) Annual Maintenance Cost 

23,400 $59,000 

10,000 31,000 

8,000 29,000 

The summary of the Operating, Utility and Maintenance Costs for the 

three (3) dredge discharge rates is shown on Table No. 8 for each type of 

dredge investigated. 

The costs per cubic yard presented on Table No. 8 cover only the cost 

of particle size separation from the dredgings. The costs in this table should 

be added to costs of each harbor and is not to be included in the treatment 

costs. 



F. STORING AND HANDLING DREDGINGS 

1. General 

The operation of the Corps of Engineers dredges plus contract dredges 

in the Great Lakes is a vast undertaking. In Lake Erie alone it is estimated 

that future annual maintenance dredgings will approach 6, 500, 000 cubic 

yards. All of the maintenance dredging is done in approximately a nine- 

month period or an average of approximately 700, 000 cubic yards per month. 

To attempt to treat this quantity of dredgings in an in-stream or continuous 

process does not appear to be the most economical approach. Some equali¬ 

zation, by storing, will be necessary to permit a reasonable design of treat¬ 

ment facilities. 

The dredgings, as noted before, are of two types, the diluted type 

dredging from the hopper type hydraulic dredge and the excavated, firmer type 

dredging from a clam shell type dredge. The river and harbor bottoms in their 

undisturbed form contain approximately 40% solids. The hopper type dredge 

dilutes the bottom material to about 20% solids by weight, while the clam shell 

type dredge removes the bottom material substantially in its undisturbed form. 

In either case, when the dredged material is discharged to a storage area it 

will contain approximately 20% solids. 

2. Design Considerations 

Two costs are to be developed under this section of the report and 

they are as follows: 



a) Cost of providing storage facilities. 

b) Cost of rehandling stored dredgings. 

a) In the first case, that of developing cost of providing storage 

facilities, a series of work curves have been developed for use in arriving 

at the annual cost per cubic yard for the storage facilities. These work curves 

are contained in the Appendix D of this report and are as follows: 

I. Series of curves for estimating the cost of a three-sided, 

20-foot deep storage area with various dike sections. 

II. Same as I except for four-side storage area. 

III. A plot of the anticipated dredging rates for the pilot harbors 

versus days. 

IV. A plot of the construction cost of a three-sided storage area with 

3 to 1 sloped dike, versus total storage volume. 

The above curves cover the range of storage volume from 0 up to 

1,200, 000 cubic yards. Based on the data from the above curves a composite 

curve showing the annual cost per cubic yard versus either annual dredging 

volume or storage volume has been prepared. This new curve is shown on 

Fig. 2. The annual costs are based on the construction plus 25% for engineer¬ 

ing and contingencies and a repayment term of ten years at 4-5/8% annual 

interest. (Equal annual repayment factor of 12.72%). 

This curve can be used two ways. It can be used directly by assuming 

the storage required for any particular harbor is equal to the annual dredging 

volume for that harbor or the dredging rates versus time curve contained 
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in Appendix D can be used to estimate the reduced storage area required 

due to the treatment rate during the time the dredging is going on. 

b) In the second case, that of developing cost of rehandling stored 

dredgings, a series of design considerations has to be made as follows: 

I. In the case of aerobic and anaerobic stabilization of the dredg¬ 

ings, the maximum concentration of solids fed to these units should not 

exceed 10%. The anaerobic stabilization process will also require a greater 

discharge pressure than the aerobic stabilization. 

II. In the case of wet-oxidation and chemical stabilization of the 

dredgings the maximum concentration of solids should not exceed 20%. 

III. In the case of multi-hearth and fluid bed incineration of the 

dredgings, the maximum concentration of solids obtainable should be used. 

IV. In addition to the above three considerations, the following vari¬ 

ables for daily dredging were assumed as design points: 

Annual Dredgings 

3,000,000 c.y. 

1,500,000 c.y. 

500,000 c.y. 

100,000 c.y. 

Volume (1) 

9,500 c.y./day 

4,750 c.y./day 

1,583 c.y./day 

317 c.y./day 

Dry Solids (1)(°) 

11.85 x 10® lbs./day 

5.93 x 106 lbs ./day 

1.98 x 10® lbs./day 

0.40 x 10® lbs./day 

(1) Based on 270 days per year and 15% of dredgings removed as sand and 
gravel. 

(2) Based on 1250 #/cy dry solids 

3. Capital Cost Estimates 

The cost of furnishing dredges plus the cost of discharge piping and 

booster pumping for the daily cubic yardage rates and the percent solids in 
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their discharges were obtained from the dredge manufacturers. For the four 

design points and the design considerations as required by the various pro¬ 

cesses, the following summary was developed: 

CASE 1-10% SLURRY - NO BOOSTER (Aerobic Stabilization) 

Annual Dredging (c.v.) 3.000,000 1,500.000 500,000 100,000 

85% of Dredgings »/day 11.85 x 106 5.93 x 106 1.98 x 106 0.40 x 106 

Cost of Dredge $300,000 $180,000 $114,000 $ 95,000 

51.650 47,000 37,750 34,280 

21,000 21,000 21,000 21,000 

18.650 12.400_8.650 7.500 

Cost of Piping 

Work Boat 

Site Work 

Sub-Total 

Engineering & Conting. 

TOTAL $489,100 $325,500 $226,750 $197,230 

CASE 11-10% SLURRY - WITH BOOSTER (Anaerobic Stabilization) 

$391,300 $260,400 $181,400 $157,780 

97,800 65.100 45,350 39,450 

Annual Dredging (c.v.) 3,000,000 1,500,000 

85% of Dredgings(#/dav) 11.85 x 106 5.93 x 106 

Cost of Dredge 

Cost of Piping 

Work Boat 

Booster Pump 

Site Work 

Sub-Total 

Engineering & Conting. 

TOTAL 

$300,000 $180,000 

51,650 47,000 

21,000 21,000 

72,000 30,000 

22.230 13.900 

$466,880 $291,900 

117.500 72.700 

$584,380 $364,600 
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500,000 100,000 

1.98 x 106 0.40 x 106 

$114,000 $ aCooo 

37,750 34,280 

21,000 21,000 

20,000 10,000 

9.640 8.000 

$202,390 $168,280 

50,600 42.070 

$252,990 $210,350 

♦ 
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CASE III - 20% SLURRY - NO BOOSTER (Wet Oxidation and Chemical 
___Stabilization)_ 

Annual Dredgings (c.v.) 3,000.000 1,500.000 

85% of Dredgings (#/day) 11.85 x 106 5.93 x 106 

Cost of Dredge 

Cost of Piping 

Work Boat 

Site Work 

Sub-Total 

Engineering & Conting. 

TOTAL 

$180,000 $144,000 

47,000 37,750 

21,000 21,000 

12,400_10,100 

$260,400 $212,850 

65,10 J_53.200 

$325,500 $266,050 

500,000 100,000 

1.98 x 106 0.40 x 106 

$ 95,000 $ 85,500 

34,280 33,000 

21,000 21,000 

7,500 6,950 

$157,780 $146,430 

39,450 36,600 

$197,230 $183,050 

CASE IV-45% SLURRY - WITH BOOSTER & WHEEL EXCAVATOR (Incineration) 

Annual Dredgings (c.v.) 3,000/)00 1,500,000 

85% of Dredgings (#/dav) 11.85 x 106 5.93 x 106 

Cost of Dredge 

Cost of Piping 

Work Boat 

Booster Pump 

Site Work 

Sub-Total 

Engineering & Conting. 

TOTAL 

$300,000 $240,000 

37,750 34,280 

21,000 21,000 

20,000 14,000 

18,900_15,450 

$397,650 $324,730 

99,400 81.200 

$497,050 $405,930 

500,000 100,000 

1.98 x 1060.40 x l(ft 

$200,000 $170,000 

33,000 32,000 

21,000 21,000 

10,000 9,000 

13,200 11,600 

$277,200 $243,600 

69,300 60,900 

$346,500 $303,500 
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Based on these four design points Fig. No. 3 was developed. This 

series of curves provides the means of estimating the capital costs of handling 

stored dredgings for any daily handling rates. 

4. Operating Costs 

a) For the storage areas for the dredged materials there is no fixed 

schedule of manpower and utilities for operating and maintenance. A per¬ 

centage of 1% of the capital costs has been assumed for annual maintenance 

and repairs of the dikes. This cost is Included in the annual costs as shown 

on Fig. No. 4. 

b) Annual operating costs for handling the stored dredgings are made 

up of the following: 

I. Operating labor and supervision. 

II. Utility costs (fuel, electricity, etc.). 

III. Maintenance (labor and materials). 

The item of Operating Labor and Supervision for the rehandling of dredg¬ 

ings is different from that which exists for the present harbor dredging opera¬ 

tion . The type of dredging required will be of a permanent nature and since 

the type of dredge is small the number of operating personnel selected was 

based on conditions that exist within the Corps for small dredges. Based on 

this assumption the following is an estimate of the manpower per twenty-four 

hours: 
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Captain 1 

Operators 3 

Asst.Engineer 3 
Pipeline Labor 6 
Launch Opr. 3 
Deckhand 3 

TOTAL 19 

Appendix C lists the hourly wages, including all payroll burdens used. 

To calculate annual costs the daily cost has been multiplied by 365 days 

although the operating period is only 270 days per year. 

Fuel and lubrication requirements for the dredges and pumps are as 

follows: 

Annual Dredgings - c.v. 3,000,000_500.000_iQQ.ooo 

85% of Dredgings - »/day 11.85 x 106_1 .98 x 106_0.40 x 106 

CASE 1-10% Sludge 
(No Booster)_ 

Fuel - gals/year 339,015 

Lubrication, etc 

CASE 11-10% Sludge 
(With Booster) 

Fuel - gals/year 594,696 

Lubrication, etc. 

CASE III - 20% Sludge 
(No Booster)_ 

Fuel - gals/year 261,363 

Lubrication, etc. 
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104,166 56,818 

(75% of fuel costs) 

208,333 113,636 

(75% of fuel costs) 

73,863 51,136 

(75% of fuel costs) 



CASE IV - 45% Sludge 
(With Booster) 

Fuel - gals/year 208,333 111,742 92,803 

Lubrication, etc. (75% of fuel costs) 

Appendix B lists the costs for the fuel, electricity and water require- 

mems that were used. For major maintenance, labor and material costs a 

factor oi 9% of the cost of the equipment was used for annual costs. 

The summary of the operating and maintenance costs for the four cases 

has been plotted and is shown on Fig. No. 4. 

Using Fig. No. 3 and Fig. No. 4 Table No. 9 has been prepared which 

summarizes all of the various costs for handling the stored dredgings and 

converts the total annual cost to costs per cubic yard. Fig. No. 5 shows a 

curve for the average costs per cubic yard versus annual dredged quantities 

for all conditions. 
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G. TREATMENT OF SEPARATED WATERS 

1. General 

The transporting of the dredged solids from the dredges to the storage 

areas requires that the solids have to be diluted. In diluting the solids the 

fine material present is re-suspended in the water fraction and does not 

readily resettle. The material will settle however if given sufficient time, 

say several days or more. (See Section A.) 

In handling the dredged solids the basic operation will provide 

several days storage for a period during the start-up when the storage area 

is initially empty up to the time when it approaches being full. The 20% 

sludge being pumped into the storage area will take time to reconsolidate to 

approximately the solids consistency that the dredgings were in when they 

rested on the bottom of the harbors. 

To minimize the contamination of the waters in the harbor, adjacent 

to the storage areas, some means will have to be provided to intercept the 

overflow from the storage area and treat it for removal of suspended solids. 

The suspended solids removed will be discharged back into the storage area 

and the treated water discharged to the harbor. 

In addition to the water separated from the dredgings solids during 

their initial handling, there are other water streams that will have to be 

handled and treated before they will be acceptable for discharge to the 

adjacent harbor waters. These streams are as follows: 
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I. The water separated from the substantially anaerobically stabilized 

dredgings. This water will contain fine suspended material carrying some BOD. 

The separation of the suspended solids should remove sufficient BOD to permit 

the discharge of the water directly to the adjacent harbor waters. The flow 

pattern of the anaerobic treatment operation is such that as the solids are 

withdrawn from the storage area in a 10% concentration, the water separated 

from these sludges will be returned to the storage area. Since in 

some cases the dredging operations will be going on simultaneously with 

the treatment operation, the water separated from the treated dredgings will 

mix with the water separated from the new dredgings and will overflow to the 

harbor. 

II. The same situation will exist for the water separated from the 

dredgings treated by the aerobic process, except in this case the water should 

not contain excessive BOD's. 

III. The same situation will exist for the water separated from the 

chemical stabilization process as for the anaerobic process unless chemicals 

inhibit BOD. 

IV. The same situation will exist for the waters separated from the 

wet-oxidation process. In this case, however, the BOD in the water will be 

soluble and will have to be removed by a bio-oxidation process before dis¬ 

charge into the Lakes. 

V. The waters separated from the solids in multi-hearth and fluid 

bed incineration operation will contain fine suspended material that will 

require some treatment prior to being discharged to the waters of the harbor 

or lake. 
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2. Design Considerations 

/ The rate of overflow or outflow from the storage areas will be equal 

to rate of inflow from the dredges. An analysis of all the harbor dredgings 

operations indicate that the equalized overflow rate will range from 1300 

to 16,000 gpm. These rates will not be uniform over the dredging operation 

period but will vary greatly. The discharge rates for the hopper type dredges 

are known, along with the time required to unload a scow, but the turn¬ 

around time for each harbor and different sections of the harbors will vary 

tremendously. The establishment of a curve of the varying costs per cubic 

yard versus varying annual dredged quantities cannot be prepared accurately. 

Instead a curve has been established and applied to the varying 

volumes of the annual dredgings: 

Volume of Dredgings Volume of Water 
(Cu.yds./year) (1000 gals.) 

3,000,000 

1,500,000 

500,000 

100,000 

700,000 

350,000 

117,000 

23,400 

The above tabulation is based on treating only 50% of the water dis¬ 

placed since until the storage area is half full of solids, it is felt the treat¬ 

ment of this overflow water will not be required. The total volume has been 

calculated on the difference between the volume of the original dredgings 

and their volume when slurried to 20%. Although water is removed 

from the storage areas during the treatment operations the separated 
i 

i 



water will be returned after treatment thereby keeping the discharge of contam¬ 

inated water to a minimum. Plate 3 shows a flow diagram for the treatment 

process used in establishing the unit treatment costs. The unit treatment 

costs are based on the capital cost of the facilities amortized over a ten-year 

period at 4-5/8% interest plus operating and maintenance costs. A unit cost of 

$0.08 per 1000 gallons was calculated using this approach. Based on this cost 

the annual costs for treating the overflow from the varying annual dredged 

quantities is as follows: 

Volume of Dredgings Volume of Water Cost Per 
Yd./Year) (1000 gals.) Treatment Cost Cu. Yd. 

3,000, 000 

1,500,000 

500,000 

100, 000 

700,000 

350,000 

117,000 

23,400 

$56,000 

28,000 

9,350 

1,870 

$0.019 

0.019 

0.019 

0.019 

Since a fixed cost per 1000 gallons of water was used, the cost per 

cubic yard is also constant for the various annual volumes of dredgings. 

This is not exactly true, but because of the small difference that may be 

present, any error will in turn be small. 

Fig. No. 6 is a plot of the cost per cubic yard versus the annual vol¬ 

ume of dredgings. 
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H. Anaerobic Stabilization 

1. General 

A method of treating sludges removed in the treatment of sewage is 

to anaerobically digest the solids. Anaerobically means basically biological 

action without the presence of dissolved oxygen. In the digestion operation 

the organic volatile solids present are converted by anaerobic micro-organisms 

to humus-like solid matter, sludge liquor and sludge gasses. The sludge or 

solids remaining are stable and difficult to break down by any further biologi¬ 

cal action. The water fraction of the digested sludge contains fine suspended 

solids, some immediate oxygen demand and some bio-chemical oxygen deamnd. 

The majority of the bio-chemical oxygen demand (carbonaceous) is normally 

associated with the suspended solids. If the supernatant from an aerobic 

digester is clarified its carbonaceous BOD is negligible. 

Since the volatile solids in the maintenance dredgings from the 

harbors of the Great Lakes is of major concern, the reduction of these solids 

by anaerobic digestion was considered. 

As shown on Table 1 and 2 in Section B the maintenance dredgings 

contain varying amounts of volatile solids. Table 1 which lists the samp¬ 

ling of the eight pilot harbors by the FWPCA and Great Lakes Research group 

shows a variation from 1.38 percent for Great Sodus Bay to 18.4 percent for 

Green Bay. Table No. 2 that lists the work done at the University of Wiscon¬ 

sin shows a variation from 3.1 percent for Great Sodus Bay to 13.3 percent 

for Indiana Harbor. The average of the 38 samples tested by the University 

of Wisconsin shows the volatile solids concentration to be approximately 
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9.1 percent. The University tested the 38 samples of bottom sediments from 

the eight pilot harbors and reported, as shown on Table No. 6 of Section B, 

that all but two samples produced gas thereby indicating that anaerobic activity 

was taking place. The tests did not measure the reduction in volatile solids but 

the gas prodution rates of less than 1 cubic foot per pound of volatile solids 

did indicate that the volatile solids present were not the same as those norm¬ 

ally encountered in sewage sludge. The production of 10 cubic feet of gas 

per pound of volatile solids is not uncommon in the anaerobic digestion of 

sewage solids. If gas production rates are used as a parameter to measure 

the bio-degradable volatile solids in the dredgings, then it would appear that 

only 10 percent of the volatile solids present are similar to sewage solids. 

This would indicate that only one percent of the average total solids present 

in the maintenance dredgings are similar to sewage solids or one half of a 

percent are bio-degradable. 

2. Design Considerations 

In designing anaerobic digestion systems there are three basic con¬ 

siderations to be made as follows: 

a) The detention time in the system or the loading rate. In this case we 

have assumed twenty days' detention with a 10% sludge of the silt and 

clay sized particles being fed to the digesters. 
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b) The detention time is related to the temperature at which the sys¬ 

tem is maintained .The optimum mesophilic temperature is 35°C and in 

this case we are assuming that this temperature can be maintained, 

c) The production and characteristics of the gas are important. The 

laboratory investigations indicate gas production rates of less 

than 1 cubic foot per pound of volatile solids in the feed to the 

digester. As stated before, normally in sewage sludges produc¬ 

tion rates of 10 cubic feet per pound of volatile solids is not 

uncommon. Without more exact laboratory work the rate of one 

cubic foot per pound of volatile solids is used in the analysis 

presented in this section. The gas production affects the operat¬ 

ing cost and if additional laboratory work indicates higher gas 

rates the annual costs can be easily adjusted. 

Based on these considerations an anaerobic digestion system as 

shown on Plate 4 was designed. These conditions are as follows: 

Annual Dredging 
Quantities (c.v.) 

1,500,000 

1,000,000 

500,000 

100,000 

Total Dry Solids/Day(1) Volatile Dry Solids (2) 
_to Digesters to Diqesters/Day 

4,370,000 pounds 

2,910,000 pounds 

1,450,000 pounds 

291.000 pounds 

515,000 pounds 

343,000 pounds 

171,000 pounds 

34,300 pounds 

(1) Based on 15% of dredgings removed as sand and gravel and 365 days/yr. 
(2) Based on 10% volatile solids in initial dredgings. 
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A basic tank size of 150 feet in interior diameter with forty feet of 

side wall depth and a 25 foot deep conical bottom was used. For the three 

design points the following number of digesters would be required: 

Annual Dredgings Primary Secondary 
Quantities (c.y.) Digesters Digesters 

1,500,000 7 9 

1,000,000 5 6 

500,000 3 5 

100,000 1 

The tanks would be constructed from reinforced concrete, with the 

primary tanks having fixed roofs and the secondary tanks equipped with 

floating cover gas holders. Mixing equipment would be provided to accel¬ 

erate the operation. Earth would be bermed up around the tank walls for 

insulation and fresh solids would be heated to 35°C or higher. 

Using the 1 cubic foot of gas production per pound of volatile solids 

and 720 BTU/c.f. of gas, the system will not be in balance when the heat 

differential between the sludge and digester is 20° F or more. Additional 

fuel will be required to operate the digesters during part of the year. 

3. Capital Costs 

The capital costs for the four design conditions are summarized as 

follows: 
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Dredgings 
C. Y./Year 

1,500,000 1,000,000 500,000 100,000 

Cost of 
Structures 

Mechanical 
Equipment 

Building 

Foundation 

Electric 
Service 

Site Work 

Sub-Total 

4,710,000 3,210,000 2,430, 000 360,000 

6,866,000 4,720,000 

660,000 520, 000 

5,200,000 3,600,000 

3,274,000 690,000 

230, 000 80,000 

2,600,000 325,000 

1,064,000 729,000 410,000 126,000 

925.000 639,000_447.000 79.000 

19,425,000 13,418,000 9,391, 000 1,660,000 

Engineering & 
Contingencies 4,856.000 3.354,000 2,348,000_415,000 

TOTAL 24,281,000 16,772,000 11,739,000 2,075,000 

Based on these four design points. Fig. 7 was developed. This curve 

provides the means of estimating the capital cost of anaerobic facilities for 

any annual dredging quantities. The capital costs from the curve can be used 

to develop the annual costs for financing the construction of any sized project. 

A term of ten years and 4-5/8 percent annual interest is used for this purpose 

or a factor of 12.72 per cent per year of the total capital costs. 

4. Operating Costs 

Annual operating costs for the anaerobic digestion facilities are made 

up of the following: 
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a. Operating Labor and Supervision. 

b. Utility Cost (Fuel, electricity, water). 

c. Maintenance (Labor and materials). 

For the items of Operating Labor and Supervision the following table of 

the 24 hour manpower requirements was estimated: 

Dredgings - C.Y./Year 1,500,000 1,000.000 500.000 100,000 

Superintendent 1 10 0 

Foreman 

Operators 

Ass't. Operators 

Chemists 

Ass't. Chemists 

Laborers 

3 

9 

9 

2 

3 

8 

3 

6 

6 

1 

3 

6 

1 

4 

3 

1 

2 

4 

1 

3 

2 

1 

0 

2 

TOTALS 35 26 15 

Appendix C lists the hourly wages, including all pay burdens used. 

To calculate annual costs the daily cost has been multiplied by 365 days of 

operation per year. 

The utility requirements for the operation of the anaerobic digestors 

are as follows: 

Dredgings - Cu.yds/year 1.5 x 106 1.0 x 106 0.5 x 106 0.1 x 106 
Fuel (BTU X lofy/yr. 423,000 282,000 141, 000 28,000 
Electricity KWH x 106/yr. 25 18.4 11.1 3.3 

Appendix B lists the costs for electricity. For annual maintenance a 

factor of 1 per cent of the equipment costs was used. A summary of the 
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operating and maintenance costs for the four design points has been calculated 

and has been plotted on Fig. 8. 

Using Fig. 7 and Fig. 8, Table 10 has been prepared and summarizes 

all of the various costs and converts the annual costs to costs per cubic yard. 

Fig. 9 shows a plot of cost per cubic yard versus annual dredged quantities. 

The cost of handling the digested solids is covered in Section N and 

the water fraction is covered in Section G. 
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I. AEROBIC TREATMENT 

1. General 

One of the most objectionable aspects of the dredgings dumped into 

the lake is that the organic material entrapped in the sediment undergoes 

biological degradation, thus depleting available dissolved oxygen resources 

to undesirable levels, which is deleterious to the life of the aquatic envir¬ 

onment. Based on the information available, as previously described in 

Section H, Anaerobic Treatment, the bio-degradable volatile solids appear to 

be between 0.5 to 1.0 percent of the total solids. In the case of aerobically 

stabilizing the maintenance dredgings the measure of stability is the remain¬ 

ing BOD of the solids. Very little test work has been done on the BOD of the 

maintenance dredgings. Table No. 1 shows BOD's from 800 ppm for Toledo 

Harbor to 13,000 ppm for Cleveland Harbor. Although all samples have been 

tested for COD there is insufficient data on the corresponding BOD to draw a 

correlation. The University of Wisconsin in their work on the 38 samples 

from the eight pilot harbors did measure COD reductions on tests for 11 out 

of 14 samples. Different samples for each harbor showed different results 

to the extent that one sample was aerobically oxidized and another was not. 

Table No. 5 in Section B shows these results. The Wisconsin tests were 

run for only four days and showed COD reductions, except for those that 

showed no activity, from 10.6 to 45 percent reduction of COD. Again with 

no correlation between COD and BOD it is not possible to tell what a 45 

percent COD reduction means as far as BOD goes. 
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As a deterrent it is proposed to treat the dredgings biologically, at 

accelerated rates, under controlled aerobic conditions before returning them 

to the lake. In order to accomplish this, the stored degritted organic silt- 

clay fraction will be diluted to about 10% solids and pumped into a lagoon. 

Oxygen will be supplied and the material maintained in suspension by sur¬ 

face aeration devices. Following the lagoon the solids will be concentrated 

and hauled to the lake for disposal. (See Section N.) 

2. Design Considerations 

Unfortunately, there is a dearth of information on many of these para¬ 

meters that are involved in selecting the process variables for designing 

aerobic treatment units. The most important parameter, the required quality 

of the solids to be ultimately produced by treatment, is not know. If this 

data were known, it would probably become obvious whether or not biological 

treatment could produce an acceptable material. Hence, without this needed 

data it is assumed for purposes of this, as well as the other alternates being 

studied, that the selected treatment will satisfactorily produce materials for 

disposal, presumably to a deep section of the lake. 

There is essentially no available data on the effect of aerobic digestion 

on the various sediments, such as reductions in volatile solids, or BOD. All 

the data gathered to date shows a wide variation in characteristics of samples, 
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even from the same harbor. In order to simplify the feasibility study, average 

compositions were assumed. When detailed design becomes imminent, large 

scale pilot studies for each harbor would presumably be performed to 

accurately characterize the sediments and to obtain more precise design 

criteria. 

The basic considerations for designing aerobic treatment systems 

are as follows: 

a) The sludge to be treated has 15% by weight grit removed prior 

to storage, and contains 10% volatile solids of which a fraction is biologically 

degradable. 

b) It was assumed that the biological oxygen demand of the sludge 

would be satisfied and that the residual organic volatile solids would be rela¬ 

tively stable. 

c) A detention time of fifteen (15) days under aerobic conditions was 

selected for design. This figure was essentially based upon reported data in 

the literature on the aerobic digestion of sewage sludges, undoubtedly a major 

constituent in many of the harbor sediments. 

d) Since the lagoon is to be in the open and probably will freeze in 

winter, a treatment period of eight (8) months (240 days) was used for design. 

e) The solids content in the aeration lagoon was set at 10% . 
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f) In order to maintain the bacteria, oxygen and organic solids in 

close contact, a mixer horsepower requirement of 0.1 HP per 1000 gallons was 

used. Assuming that 40% (a conservatively Hgh figure) of the volatile solids 

would be oxidized, it was determined that the horsepower required for mixing 

would be more than adequate to supply sufficient oxygen for biological de¬ 

gradation. 

Based on these considerations, aerobic digestion systems as shown on 

the schematic flow diagram, Plate No. 5, were designed. These conditions 

and significant design sizes are shown on the following table: 

Yearly 
Dredgings 
Cu .yards 

1,500,000 

1,000,000 

500,000 

100,000 

Treatment 
Rate-MGD 
10% Solids 
8 mos./vr 

Volume 
Aerobic 
Lagoon 
Cu.ft. 

Mechanical Horsepower 
Aerators Required 
(Number) 

7.50 

5.00 

2.50 

0.50 

15,000,000 

10,000,000 

5,000,000 

1,000,000 

72 

48 

24 

4 

11,200 

7,200 

3,600 

700 

The stored organic silt-clay fraction of the dredgings are diluted with 

centrifuge overflow (centrate) from the continuously treated solids to 10% 

solids and pumped into the first of a four-compartment aeration lagoon. The 

sludge mixture is oxygenated by the mechanical surface aerators as it flows 

through the aeration basins. The effluent is pumped to a bank of solid bowl 

centrifuges where solids are concentrated to approximately 50% (varies accord¬ 

ing to material). The cake is conveyed from the centrifuges to a barge for sub¬ 

sequent hauling and disposal in the lake or to the trucks for haulage to land 
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fill areas. The cost of dewatering the treated slurry is not included in the 

costs presented in this section but is covered in Section N. The centrate as 

previously described is returned to the storage lagoon to dilute the sediment. 

3. Capital Costs 

The capital costs for the four design conditions are summarized as 

follows: 

Dredgings (C.Y./year) 

Cost of Structures 

Mechanical Equipment 

Buildings 

Electric Service 

Site Work 

Sub-Total 

Engineering & Contlng. 

TOTAL 

1.500.000 1.000.000 

$2,302,000 1,833,000 

3,040,000 1,905,000 

612,000 432,000 

2,470,000 1,609,000 

421.000 289.000 

8,845,000 6,068,000 

2.211.000 1.517.000 

$11,056,000 7,585,000 

500.000 100.000 

1,320, 000 561,000 

957,000 211,000 

252,000 32,000 

829,000 176,000 

168.000 49.000 

3,526,000 1,029,000 

881.000 257.000 

4,407, 000 1,286,000 

Based on these four design points, Fig. No. 10 was developed. This 

curve provides the means of estimating the capital cost of the aerobic facilities 

for any annual dredging quantities. The capital costs from the curve can be 

used to develop the annual cost for financing the construction of any sized 

project. A term of ten years and 4-5/8% annual interest is used for this pur¬ 

pose or a factor of 12.72% per year of the total capital costs. 

4. Operating Costs 

Annual operating and maintenance costs for the aerobic treatment 

facilities are made up of the following: 
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I. Operating Labor and Supervision. 

II. Utility costs (fuel, electricity, water). 

HI. Maintenance, (labor and materials), 

For the items of Operating Labor and Supervision the following table 

for the 24-hour manpower requirements was estimated: 

Dredgings (cu. vds/vear) 1,500.000 1,000,000 500, 000 100,000 

Superintendent 

Foreman 

Operators 

Chemists 

Asst. Chemists 

Laborers 

TOTALS 

1 

1 

6 

1 

1 

2 

0 

1 

4 

1 

1 

2 

0 

1 

4 

1 

1 

2 

0 

1 

3 

1 

1 

2 

12 12 

Appendix C lists the hourly wages, including all payroll burdens used. 

To calculate annual costs the daily cost has been multiplied by 365 days al¬ 

though the operating period is only 240 days per year. 

The utility requirements for the operation of the aerobic lagoons are 

as follows: 

Dredgings - (cu.yds/year)_1,500,000 1,000,000 500,000_100,000 

KWH X 106 
Electricity 49 31 16 . 3 

Appendix "B" lists the costs of electricity. For annual maintenance a 

factor of 1% of the equipment costs was used. A summary of the operating and 

maintenance costs for the four design points has been calculated and has been 
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Using Figure No. 10 and Figure No. 11, Table No. 11 has been 

prepared and summarizes the costs and converts the annual costs to 

costs per cubic yard. Figure No. 12 shows a plot of cost per cubic yard 

versus annual dredged quantities. The cost of handling the digested 

solids is covered in Section N. 
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J. CHEMICAL OXIDATION 

1. General 

The volatile matter contained in the dredgings can be reduced through 

the use of the "Purifax" process, which employs the principle of chemical 

oxidation. Purifax, Incorporated has installed and successfully operated 

their process over the past several years to oxidize sewage sludges and 

septic tank pumpings. 

The process is outlined on Plate No. 6 and consists basically of a 

reactor to which the main process flow, mixed with chlorine, is pumped 

through and a pump which recycles an amount through the reactor equal to 

approximately ten times the main throughput. The recycle flow is the medium 

through which chlorine is introduced to the main process flow. 

Demonstration tests were run on samples from three points in the 

Buffalo Harbor region (see Drawing in Appendix A.) The following table of 

results was obtained from Purifax, Inc.: 

BUFFALO HARBOR MUD SAMPLE NO. 1 

CHARACTERISTIC RAW PURIFAX EFFLUENT PURIFAX SUPERNATANT 

pH (electrometric) 5.70 2.90 3.00 

Turbidity, units -- 25 

Chlorides, ppm as Cl 425 2730 2730 

Ether Solubles, ppm 1035 407 54 

% Reduction - 60.7 94.8 
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Chemical Oxygen Demand, ppm 7567 

% Reduction 

B.O.D., 5-day, 20° C, ppm 1200 

6772 

11.8 

1015 

482 

92.5 

180* 

% Reduction 

Odor 

Physical Appearance 

* Interference 

Strong 
Petroleum 

Black; oily 
liquid 

15.4 

Lt.Cl2; 
Fresh 

Brown ; non- 
oily liquid 

85.1 

Lt.Cl2; 
fresh 

Clear; It. 
yel. 

BUFFALO HARBOR MUD SAMPLE NO. 2 

CHARACTERISTIC RAW PURIFAX EFFLUENT 

pH (Electrometric) 6.10 4.30 

Turbidity, units 

Chlorides, ppm as Cl 305 3580 

Ether solubles, ppm 551 482 

% Reduction - 12.5 

Chemical Oxygen Demand, ppm 15,265 6185 

% Reduction - 59.6 

B.O.D., 5-day, 20° C, ppm 1000 763 

% Reduction - 23.7 

PURIFAX 
SUPERNATANT 

4.45 

45 

3455 

140 

74.8 

469 

97.0 

120* 

88.0 

Odor 

Physical Appearance 

Strong Lt. Cl2; Lt. Cl2; 
Petroleum fresh fresh 

Black; oily Brown; non- Clear; 
liquid oily liquid It. yel. 

♦Interference 
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BLACK ROCK CHANNEL MUD 

CHARACTERISTIC RAW PURIFAX 
EFFLUENT 

pH (electrometric) 6.00 5.30 

Turbidity, units - - 

Chlorides, ppm as Cl 668 3520 

Ether Solubles, ppm 687 340 

% Reduction - 50.5 

C.O.D., ppm 48,711 7390 

% Reduction - 84.8 

B.O.D., 5-day, 20°C,ppm 4498 600 

% Reduction - 86.8 

PURIFAX 
SUPERNATANT 

5.25 

25 

3400 

82 

88.1 

427 

99.1 

120* 

97.5 

Odor Strong Lt. CI2; Lt. Cl2; 
Petroleum fresh fresh 

Physical Appearance Black; oily Brown; non- Clear 
liquid oily liquid Lt. yel. 

♦Interference 

It was unfortunate that data on phosphorus was not taken but for this 

report the phosphorus content will be assumed to be similar to other samples 

taken in the same area. The COD reduction with this process is as good as 

or better than that obtained in the Aerobic process covered in Section I and, 

therefore, the dry solids treated may be acceptable for depositing on the 

bottom of the lakes without too much concern as far as exerting bio-chemical 

demand or contributing any soluble phosphorus if most of the water fraction 

can be separated. Based on this conclusion, the costs of constructing and 



operating chemical oxidation facilities have been investigated. The cost of 

separating water fractions, treating these fractions and handling of the solids 

are covered in another section of this report. 

2. Design Considerations 

The design loadings listed in the previous sections of this report 

were used to size four plants. Purifax furnished delivered costs for units to 

be used plus their chlorine and electric energy requirements. Based on these 

costs an installed cost curve was developed covering the ranges required. In 

sizing the equipment for this process it was assumed that 15% of the dredgings 

were eliminated as inert sand and gravel particles. 

3. Capital Cost Estimates 

In addition to the costs received from Purifax, estimates were made of 

the floor area of building required to house the equipment, control center, 

offices and laboratory. A unit price of $20 per square foot was applied to the 

area required to develop building requirements. A similar procedure was used 

to determine the capital costs for foundations, electric service and site work. 

For the four design conditions the following summary was developed: 

Annual 
Dredgings (c.y.) 3.0 x 106 1.5 x 106 0.5 x 106 O.lxlpS 

85% of 
Dredgings 
#/Dav_11.85 x 106 5.93 x 106 1.98 x 106 0.40 x lp6 

Installed 
Equipment $910,000 $488,000 $329,000 $165,000 

34,000 23,000 
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Foundations $ 7,000 $ 4,000 $ 3,000 $ 2,000 

Electric 
Service 251,000 126,000 63,000 13,000 

Site Work 61.000 33.000 21.000 10.000 

Sub-Total $1,282,000 $685,000 $439,000 $201,000 

Engineering & 
Contingencies 321.000_171.000 110.000 50.000 

TOTAL $1,603,000 $856,000 $549,000 $252,000 

Based on these four design points Fig. 13 was developed. This 

curve provides the means of estimating the capital cost of chemical oxida¬ 

tion facilities for any daily loading of pounds of dry solids in the dredgings. 

The capital costs from this curve also are used in developing the annual 

costs for financing the construction of the project. A term of ten years and 

4-5/8% interest is used for this purpose or a factor of 12.72% per year of 

the total capital costs. 

4. Operating Costs 

Annual Operating Costs for wet oxidation units are made up of the 

following: 

I. Operating Labor and Supervision. 

II. Utility Costs (fuel, electricity, water). 

III. Maintenance (labor and materials). 

For the item of Operating Labor and Supervision the following table 

of the 24-hour manpower requirements was estimated: 
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Annual 
Dredgings (c.y. ) 

85% of Dredgings 
#/Day_ 

Superintendent 

Foreman 

Operators 

Asst. Operators 

Chemists 

Asst. Chemists 

Laborers 

TOTAL 

3.0 X 106 

11.85 X 106 

0 

1 

3 

3 

1 

0 

3 

11 

0.5 X 106 

1.98 X 106 

0 

1 

3 

0 

1 

0 

3 

8 

0.1 X 106 

0.40 X 106 

0 

1 

3 

0 

1 

0 

3 

8 

The requirements for the fourth design point were not estimated since 

three points appeared to be sufficient. 

Appendix B lists the daily labor costs including all payroll burdens 

that have been used. To calculate the annual cost the daily cost has been 

multiplied by 365 days although the operating period is only 270 days per year. 

Fuel oil,electricity and water requirements were obtained from Purifax 

and are as follows: 

Annual 
Dredgings (c.y.) 3.0 x 106_0.5 x 106_0.1 x 106 

85% of Dredgings 
#/Dav_11.85 x 106 1.98 x 106_0.40 x 106 

Electricity 
KWH x loVyear 4.80 1.20 0.24 

Chlorine 
# x lOvyear 41.5 7.40 1.57 
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Appendix B lists the unit prices for utilities that have been used. 

On maintenance, labor and material, costs are approximately equal 

to 1% of the installed costs of the equipment. They are as follows: 

Annual Dredgings (c.y.) Dredgings (#/dav) Dally Maintenance 
Costs 

3.0 X 106 

0.5 X 106 

0.1 X 106 

13.75 X 106 

2.29 X 106 

0.458 X 106 

$59 

19 

11 

The summary of the Operating, Utility and Maintenance Costs for the 

three (3) dredging rates (85%) have been plotted and are shown on Fig. 14. 

Using Fig. 13 and Fig. 14, Table No. 12 has been prepared which 

summarizes all of the various costs and converts the total annual costs to 

costs per cubic yard of dredgings. A plot of costs per cubic yard versus 

annual quantity of dredgings is shown on Fig. 15. 

The costs per cubic yard presented on Fig. 15 covers only the cost 

of chemically oxidizing the silt-clay fractions of the dredgings. The costs 

on this curve should be added to costs for handling, storing and treating 

the dredgings prior to and following chemical oxidation operation. 





K. WET OXIDATION 

1. General 

As noted in the previous sections on "Characteristics of the Dredgings" 

all of the dredgings contained some volatile matter either as oils and greases 

or other organic materials. One method of reducing volatile matter is to wet 

oxidize it. Depending on the pressure used in the wet oxidation unit, the 

degree of volatile matter reduced can be varied. At low pressure (300 psi) 

10 to 20 percent may be reduced and at high pressure (1200 psi) 70 percent or 

more may be reduced. 

The Zimpro Division of the Sterling Drug Company has installed and 

successfully operated wet oxidation units on sewage sludges over the past 

several years. The process is outlined on Plate No. 7. Basically the process 

consists of pumping heated sludges, mixed with sufficient air, under pressure, 

into a reactor where some of the volatile solids are reduced. At the same time 

as the volatile matter is being reduced, the chemical oxygen and bio-chemical 

oxygen demand of the solids is also reduced. 

One bench scale test run was made on a sample taken from the bottom 

of Lake Michigan at the entrance of Indiana Harbor (see Drawing in Appendix A). 

The sample is from the same location as Sample CE-12-0 taken on 12/12/67 by 

the Federal Water Pollution Control Administration. The characteristics of the 

bottom samples as reported by the FWPCA and as found by Zimpro are as 

follows: 



ZIMPRO FWPCA 

Percent Total Solids - 37.9% 

Percent Volatile Solids 6.9% 6.6% 

(In mg/kg) 

Chemical Oxygen Demand 124,000 261,500 

NH3 as N 320 264 

N03 as N -- 22 

Org. Nitrogen — 757 

Total Phosphorus 2,310 786 

Total Soluble Phosphorus — 1.32 

Phenol — 0.97 

Oil and Grease — 27,900 

Total Iron — 57,000 

Cyanide — 5.7 

Sulphide — 351 

Copper — 95.5 

Zinc -- 1,480 

Lead — 396 

Chromium — 79.2 

Zimpro tested the dredging at three different wet oxidation pressures, 300 psi, 

800 psi and 1200 psi. The results of these three tests are as follows: 
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COD Reduction 

Volatile Solid Reduction 

COD of Oxidized Slurry (c) 

COD of Filtrate (c) 

COD of Filter Cake (c) 

BOD of Filtrate (a) 

Specific Filtration Resistance (b) 

(a) Estimate of 50% of COD 

(b) Original Sample 150 

300 psi 

7.7% 

15.6% 

116.3 g/l 

6.7 g/l 

106.4 g/l 

3.4 g/l 

6.5 

800 psi 

18.7% 

47.2% 

100.7 g/l 

18.7 g/l 

68.9 g/l 

9.3 g/l 

3.5 

1200 psi 

37.0% 

70.6% 

57.7 g/l 

19.3 g/l 

27.8 g/l 

9.7 g/l 

3.1 

(c) Size of Samples and lab technique results in ability to 
balance total COD. 

One important factor brought out in the Zimpro work is that in the 

water separated from the solids there were no measurable phosphorus and 

that even after reqashing the filter cake there still wasn't any measurable 

phosphorus in the wash water. 

The difference between high and low pressure wet oxidation, in 

addition to those noted before, is that at the low pressure, less of the vola¬ 

tile products are solubilized in the water fraction. 

Bio-degradability tests have been run on the dried solids from both 

high and low pressure tests and in both cases oxygen uptake rates are neg¬ 

ligible. It appears that dredging solids treated in a low pressure (300 psi) 

wet oxidation unit may be acceptable for depositing on the bottom of the 

lakes without too much concern, as far as exerting bio-chemical oxygen de¬ 

mand or contributing any soluble phosphorus,if most of their water fraction 
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can bo separated. The treated solids also are more drainable than the untreated 

dredgings, therefore, may be more suitable for use as stable fill. Based on 

these conclusions, the costs of constructing and operating wet oxidation treat¬ 

ment facilities have been investigated. 

2. Design Considerations 

The design loadings listed in the prior section of this report were used 

to size four plants. Zimpro furnished installed costs for 100 ton per day (dry 

solids) plants plus their fuel and electric energy requirements. Based on 

Zimpro costs an installed cost curve was developed covering the ranges re¬ 

quired. The cost for the largest plant was estimated to be 10% less per 

reactor than for the smallest plant. This percentage was discussed with 

Zimpro and they accepted it as reasonable. In sizing the wet oxidation 

equipment, it was assumed that 15% of the dredgings were eliminated as 

inert sand and gravel sized particles. 

3. Capital Costs Estimates 

In addition to the installed cost received from Zimpro, estimates 

also were made of the floor area of building required to house the auxiliary 

equipment, control center, offices and laboratory. A unit price of $20.00 

per square foot was applied to the area developed to meet the building 

requirements. A similar procedure was used to determine the capital costs 

for foundations, electric service and site work. For the four design conditions 

the following summary was developed. 
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Dredgings (c.v./vr) 3.000.000 1,500,000 500.000 100.000 

85% of Dredgings (#/dav) 11.85xl06 5.93 xl06 1.98 x 106 0.40 x 106 

Installed Equipment $34,500,000 $18,000,000 $6,500,000 $1,200,000 

2,230,000 1,360,000 530,000 188,000 

200,000 100,000 35,000 7,000 

2,505,000 1,294,000 475,000 99,000 

1.972,000 1.038.000 377.000 75.000 

Buildings 

Foundations 

Electric Service 

Site Work 

Sub-Total $41,407,000 $21,792,000 $7,917,000 $1,569,000 

Engineering & 
Contingencies 10.352,000_5,448,000 1,979,000 392,000 

TOTALS $51,759,000 $27,240,000 $9,896,000 $1,961,000 

Based on these four design points Fig. No. 16 was developed. This 

curve provides the means of estimating the capital cost of wet oxidation facil¬ 

ities for any daily loading of pounds of dry solids in the dredgings. The 

capital costs from this curve also are used in developing the annual costs 

for financing the construction of the project. A term of ten years and 4-5/8% 

annual interest is used for this purpose or a factor of 12.72% per yaar of the 

total capital costs. 

4. Operating Costs 

Annual operating costs for wet oxidation unit are made up of the 

following: 
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I. Operating Labor and Supervision. 

II. Utility Costs (Fuel, electricity, water). 

III. Maintenance (Labor and material). 

For the Item of Operating Labor and Supervision the following table 

of the 24-hour manpower requirements was estimated: 

Annual Dredgings 
(rubic yards) 

3.0 X 106 0.5 X 106 0.1 x 10 

Superintendent 

Foreman 

Operators 

Asst. Operators 

Chemists 

Asst. Chemists 

Laborers 

TOTALS 

1 

3 

9 

9 

2 

8 

18 

0 

1 

4 

3 

1 

3 

7 

0 

1 

3 

2 

1 

0 

1 

50 19 8 

The requirements for the fourth design point were not estimated sinoe 

three points appeared to be sufficient. 
Appendix C lists the labor costs Including all payroll burdens, that 

have been used. To calculate the annual costs the dally cos. has been multi¬ 

plied by 365 days although the operating period Is only 270 days per year. 

Fuel oil, electricity and water requirements were obtained from Zlmpro 

and are as follows for the: 
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Annual Dredgings (c.y.) 3.0 x IQS 0.5 X 106 0.1 X IQS 

Dredging #/Day 13.75 X 106 2.29 X 106 0.458 xl06 

85% of Dredgings(#/day) 11 .85 x 106 1.98 x 106 0.40 x 106 

Cooling Water, gpd 

Boiler Feedwater, gpd 

Electricity, KWH/D 

Fuel, BTU x 106 /D 

2,890,000 

191,000 

205,000 

1,160 

500,000 

33,000 

35,600 

200 

100,000 

7,000 

7,100 

40 

Appendix B lists the unit prices used in caluclating the utility costs. 

For maintenance, labor and material costs, costs made available by Zimpro 

were used. These costs are approximately equal to 1% of the installed 

costs of the equipment. They are as follows: 

Annual Dredgings(c.v.) Dredgings #/Dav (85%) Daily Maintenance 
Costs 

3.0 x 106 

0.5 x 106 

0.1 x 106 

11.85 x 106 

1.98 x 106 

0.40 x 106 

1900/day 

370/day 

74/day 

The summary of the Operating and Maintenance Costs for the three (3) 

dredging rates (85%) have been plotted and are shown on Fig. No. 17. 

Using Fig. No. 16 and Fig. No. 17, Table No. 13 has been prepared 

which summarizes all of the various costs and converts the total annual costs 

to costs per cubic yard of dredgings. A plot of costs per cubic yard versus 

annual quantity of dredgings is shown on Fig. No. 18. 

The costs per cubic yard presented on Fig. No. 18 cover only the 

cost of wet-oxidizing the silt-clay fractions of the dredgings. The costs on 

this curve should be added to costs for handling, storing and treating the 
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dredgings prior to and following the wet oxidation operation. 

5. Additional Costs to be Considered 

In the wet oxidation plant some of the volatile solids that have been 

removed end up as chemical (COD) and bio-chemical (BOD) oxygen demand 

in the water fraction. It Is estimated that 50% of the COD in the water frac¬ 

tion is bio-chemical oxygen demand (BOD). This water cannot be discharged 

to the lake or adjacent harbor without the removal of a sufficient amount of the 

BOD. The treated solids are fairly stable, however, and can be separated 

from their water fraction and disposed of without any additional treatment 

being required. 

Vacuum filtrating or centrifuging would concentrate the solids but in 

both cases the concentrated material will always contain some water containing 

high BOD's. Referring back to the results of the test runs made by Zimpro, it 

will be noted that the filtrate contained 3.4 g/1 of BOD. Unless the solids 

from the Zimpro reactor are washed sufficiently it will be impossible to remove 

sufficient soluble BOD to permit the discharge of the treated solids to the lake 

as bottom deposits. If washing was to be resorted to the biological oxidation 

of the waste waters would present a problem approaching that of direct aerobic 

treatment of the dredgings, as described in Section I. 

Based on these facts, it appears that the only possible use lor the 

Zimpro process is in conditioning the solids for use as land fill. Even in this 

case the water draining from the solids will either have to be contained and 

if it cannot be contained, then treated for the removal of a reasonable amount 
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of BOD and fine suspended solids. 

The costs of dewatering the sludge from the reactor and treating the 

separated water is covered in Section N and are to be added to the costs 

developed under this section. 
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L. FLUID BED INCINERATION 

1. General 

The previous sections on "Characteristics of Dredgings" note that all 

of the dredgings contain some volatile matter either as oils and grease or 

other organic materials. A positive method of reducing this volatile matter 

is by incineration. In incineration the operating costs are influenced by the 

amount of moisture and the BTU content of the sludge charged to the furnace. 

Fluid bed type of incineration has, for several years, been used to convert 

sewage and industrial waste sludges into an easily disposable stable ash. 

Fume scrubbing equipment, auxiliary to the incinerator, eliminates air 

pollution problems. 

This process is outlined on Plate No. 8 and basically consists of a 

system to distribute the sludge to the incinerator, the incinerator and fume 

scrubbing and ash handling systems. 

A sludge with 45% solids, by weight, will be fed to the incinerators 

based on the assumption that the solids will compact in the storage area to 

approximately the same degree as it packs in the harbors, where values in 

excess of 50% solids have been consistently observed. 

A value of 1850 BTU/# of dry solids in the dredgings has been used 

to determine the supplementary fuel requirements. 

2. Design Considerations 

The design loadings listed in a prior section of this report were used 

to size four incinerator plants. Various manufacturers furnished installed 
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costs of units with varying capacities as well as fuel and electric energy 

requirements. Based on the installed costs obtained, a curve was developed 

covering the ranges in plant size required. In sizing the incineration plants, 

it was assumed that 15% of the dredgings were eliminated as stable sand 

and gravel particles. 

3. Capital Cost Estimates 

In addition to the installed equipment costs received from the manu¬ 

facturers, estimates were made of the floor area of buildings required to 

house the auxiliary equipment, electric control center, office and laboratory. 

A unit price of $20.00 per square foot was applied to the area required to 

develop the building requirements. A similar procedure was used to determine 

the capital costs for foundations, electric service and site work. For the four 

design conditions, the following summary was developed: 

Annual Dredglngstc.v ./vr. ) 3.0x10^ 1.5x10^ 0.5x10^ Q.lxl 0^ 

Dredgings (85%) #/Dav 11.85 x 106 5.93 x 106 1.98 xl06 0.40 x IQS 

Installed Equipment $12,250,000 $6,800,000 $2,460,000$ 615,000 

1,120,000 650,000 248,000 38,000 

180,000 120,000 36,000 9,000 

3,633,000 1,841,000 760,000 208,000 

859,000 471,000 175,000 44,000 

$18,042,000 $9,882,000 $3,679,000 $ 914,000 

4.511.000 2,470.000 920.000 228,000 

$22,553,000 $12,352,000 $4,599,000 $1,142,000 

Building 

Foundations 

Electric Service 

Site Work 

Sub-Tota l 

Engineering & 
Contingencies 

TOTALS 
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Based on these four design points Fig No. 19 was developed which provides 

the means of estimating capital cost of fluid bed incineration facilities for 

any daily loading of pounds of dry solids in the dredgings. The capital costs 

from this curve are also used in developing the annual costs for financing the 

construction of the project. A term of ten years and 4-5/8% annual interest is 

used for this purpose or a factor of 12.72% per year of the total capital costs. 

4. Operating Costs 

Annual operating costs for fluid bed incineration units are made 

up of the following: 

a. Operating Labor and Supervision 

b. Utility costs (fuel, electricity, water) 

c. Maintenance (labor and materials) 

For the item of Operating Labor and Supervision the following table 

of the 24-hour manpower requirements was estimated: 

Annual Dredgings (c.y/vr) 3.0 x 106 0.5 x 106 0.1 x 106_ 

85% of Dredgings (#/dav) 11.5 x 106 1.98 x 106 0.40 x 106_ 

Superintendent 

Foreman 

Operators 

Asst. Operators 

Chemists 

Asst. Chemists 

Laborers 

TOTALS 

1 0 o 

1 1 1 

633 

6 0 0 

1 1 1 

1 0 0 

6_ 6 3 

22 11 
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The requirements of the fourth design point were not estimated since 

three points appeared to be sufficient. 

Appendix C contains the daily labor costs, including all payroll 

burdens that are used. To calculate annual costs the daily cost has been 

multiplied by 365 days although the operating period is only 270 days per year. 

Fuel oil, electricity and water requirements were obtained from the 

incinerator manufacturer and are as follows: 

Annual Dredgings (#/Day)_3.0 x 10°_0.5 x 10^_0.1 x 10^ 

85% of Dredgings (#/Day) ll.»5xl06 1.98 xl06 0.40 xl06 

Electricity, KWHA 1,200,000 240,000 60,000 

Fuel, BTU x 106/Y 12.56 3.2 .435 

Appendix B contains the unit prices used for utility costs. 

On maintenance: labor and material costs were estimated to be ap¬ 

proximately equal to 1% of the installed costs of the equipment, based on a 12- 

month period. They are as follows: 
Daily 

Annual Dredgings (cv) 85% of Dredgings (#/Day) Maintenance Costs 
(270 days) 

3.0 x 106 11.85 x 106 $840/day 

0.5 x 106 1.98 x 106 170/day 

0.1 x 106 0.40 x 106 41/day 

The summary of the Operating and Maintenance Costs for the three (3) 

dredging rates (85%) have been plotted and are shown on Fig. No. 20. 

Using Fig. No. 19 and Fig. No. 20, Table No.14 has been prepared 

and summarizes all of the various costs and converts the total annual costs 
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to costs per cubic yard of dredgings. A plot of costs per cubic yard versus 

annual dredging quantities is shown on Fig. No. 21. 

The costs per cubic yard presented on Fig. No. 21 cover only the cost 

of incineration of the silt-clay fractions of the dredgings. The costs on this 

curve should be added to costs for handling, storing and treating the dredgings 

prior to and following the fluid bed incineration operation. 

5. Possible Variation 

A possible variation that should be considered in the treatment of the 

dredgings by incineration is the construction of a floating treatment plant of 

sufficient size so that one or two such plants would be capable of treating the 

dredgings of a lake, or section of a lake, in the nine or ten month available 

working period. 

A preliminary investigation of this possible variation based on treating 

the estimated total annual maintenance dredgings from the four (4) pilot oper¬ 

ations in Lake Erie has been made. The estimated maintenance dredging 

quantities for the Lake Erie pilot operations are: 

Buffalo Harbor 

Cleveland Harbor 

Toledo Harbor 

Rouge River 

TOTAL 

575, 000 cubic yards 

1,270, 000 cubic yards 

1, 140, 000 cubic yards 

300.000 cubic yards 

3,285, 000 cubic yards 

To treat 3,285,000 cubic yards in a nine month's period (270 days) 

would require a daily treatment rate of 11,400 cubic yards per day or 13, 000,000 

pounds per day (1250 #/cu.yd. dry solids and 85% of dredgings). The cost 

of a single plant to handle 85% (clay and silt fractions) of this quantity is 
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estimated to cost $24,600,000 (Fig. No. 19). The annual cost of financing, 

operating and maintaining such a piar« is estimated to cost $12,630,000 

(Fig. No. 20 plus 12.72% of capital cost). 

The cost per cubic yard for the 3,285, 000 cubic yards per year of 

dredgings is estimated to cost $3.84. 

The above cost estimates assume that the cost of providing the marine 

equipment and moving it from harbor to harbor is approximately equivalent to 

the cost of providing foundations for the same equipment on shore. A compari¬ 

son of the unit cost developed above with the individual unit costs for each 

harbor is as follows: 

Buffalo Harbor 575,000 cu. yds. @ $4.65/cu.yd. = 2,673,750 

Cleveland Harbor 1,270,000 cu. yds. @ 4.10/cu. yd. = 5,207,000 

Toledo Harbor 1, 140,000 cu. yds. @ $4.15/cu.yd. = 4,731,000 

300,000 cu. yds. @ $5.20/cu.yd. = 1,560, 000 

TOTAL $14,171,750 

Rouge River 

All Harbors 3,285,000 cu. yds. @ $3.84/cu.yd. - $12,630,000 

With this annual savings possible, it appears that an investigation in 

greater depth would be Justified. 
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M. MULTIPLE HEARTH INCINERATION 

1. General 

As previously stated in many of the preceding sections of this report 

all of the dredgings contained some volatile solids either as grease and oils 

or other organic materials. Another positive method of reducing volatile 

matter is by multiple hearth incineration, where again the operation costs 

are principally influenced by the amount of moisture and BTU content of the 

sludge charge to the furnace. This type of incinerator has been used 

for many years to convert sewage and industrial waste sludges into an easily 

disposable stable ash. Fume scrubbing equipment auxiliary to the inciner¬ 

ator eliminates air pollution problems. 

The process is outlined on Plate No. 9 and basically consists of a 

system to distribute the sludge to the incinerator, the incinerator and fume 

scrubbing and ash handling systems. 

A sludge with 45% solids, by weight, will be fed to the incinerators 

based on theassumption that the solids will compact in the storage area to the 

same degree as it packs in the harbors, where values in excess of 50% solids 

have been consistently observed. 

For the initial investigation a value of 1850 BTU/# of dry solids 

based on 10% volatile solids, has been used to determine the supplementary 

fuel requirements. 

2. Design Considerations 

The design loadings listed in a prior section of this report were used 
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to size four incineration plants. Various manufacturers furnished installed 

costs of units with varying capacities as well as fuel and electric energy 

reguirements . Based on the installed costs obtained, a curve was developed 

covering the ranges in plant size required. In sizing the incineration plants, 

it was assumed that 15% of the dredgings were eliminated as sand a id gravel 

sized particles. 

3. Capital Cost Estimates 

In addition to the installed equipment costs received from the manu - 

facturers, estimates were made of the floor area of buildings required to 

house the auxiliary equipment, electric control center, office and laboratory. 

A unit price of $20,00 per square foot was applied to the area required to 

develop the building requirements. A similar procedure was used to deter¬ 

mine the capital costs for foundations, electric service and site work. For 

the four design conditions, the following summary was developed: 

Annual Dredgings (c.y/vr) 3,000,000 

85% of Dredgings (#/dav) 11,85 x 10* 

Installed Equipment 

Building 

Foundations 

Electric Service 

Site Work 

Sub-Total 

Engineering & 
Contingencies 

TOTAL 

$21,500,000 

900,000 

735,000 

1,570,000 

1.235.000 

$25,940,000 

6.485.000 

$32,425,000 

1.500.000 500.000 100.000 

5,93 x 106 1,98 x 106 0.40 x 1P6 

$11, 150, 000 $3,850,000 $675,000 

450,000 90,000 30,000 

336,000 126,000 21,000 

834,000 218,000 101,000 

639.000 214.000 41.000 

$13,409,000 $4,498,000 $668,000 

3,352,000 1, 125.000 217.000 

$16,761,000 $5,623,000 $1,085,000 
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Based on these four design points, Fig. No. 22 was developed which 

provides the means of estimating capital cost of multiple hearth facilities 

for any daily loading of pounds of dry solids in the dredgings. The capital 

cost from this curve is also used in developing the annual costs for financing 

the construction of the project. A term of ten years and 4-5/8% annual interest 

is used for this purpose or a factor of 12.72% per year of the total capital costs 

4. Operating Costs 

Annual operating costs for multiple hearth incineration units are made 

up of the following: 

I. Operating labor and supervision 

II. Utility costs (electricity, fuel, water) 

III. Maintenance, (labor and materials) 

For the item of operating labor and supervision the following table of 

the 24-hour manpower requirements was estimated: 

Annual Dredgings (c.y/yr) 3.0 x 106_0.5 x 106 0.1 x 106 

85% of Dredgings (#/day) 11.5 x 106 1.98 x 106 0.40 x 106 

Superintendent 

'-''oreman 

Operators 

Asst. Operators 

Chemists 

Asst. Chemists 

Laborers 

TOTALS 

1 

6 

6 

1 

1 

6 

0 

1 

3 

0 

1 

0 

6 

0 

1 

3 

0 

1 

0 

3 

22 
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The requirements of the fourth design point was not estimated since 
J 

three points appeared to be sufficient. 

Appendix C contains the daily labor costs, including all payroll burdens 

that were used. To calculate annual costs the daily cost has been multiplied 

by 365 days although the operating period is only 270 days per year. 

Fuel oil, electricity and water requirements were obtained from the 

incinerator manufacturer and are as follows: 

Dredgings - #/Day 13.75x10^ 2.29x10^_0,458 x 10^ 

85% of Dredgings_11,7 x 10^_1.95 x 10^_0.389 x 10 

Electricity, KWH/D 126,000 21,600 7,200 

Fuel BTU x 106/D 11,700 1,950 390 

Appendix "B" contains the unit prices used for utility costs. 

On maintenance: labor and material costs were estimated to be 

approximately equal to 1% of the installed cost of the equipment, based on a 

12-month period. They are as follows: 
Daily 

Total Dredgings #/Day 85% of Dredainas (#/day) Maintenance Costs 

13.75 x 106 11.85 x 106 $800 / Day 

2.29 x 106 1.98 x 106 145 / Day 

0.458 x 106 0.40 x 106 30 / Day 

The summary of the Operating and Maintenance Costs for the three 

dredging rates (85%) have been plotted and are shown on Fig. No. 23. 

Using Fig. No. 22 and Fig. No. 23, Table No. 15 has been prepared 

and summarizes all of the various costs and converts the total annual costs 
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to costs per cubic yard of dredgings. A plot of costs per cubic yard versus 

annual quantity of dredgings is shown on Figure No. 24. 

The costs per cubic yard presented on Figure No. 24 covers only 

the cost of incineration of the silt-clay fractions of the dredgings. The 

costs of this curve should be added to costs for handling, storing and 

treating the dredgings prior to and following the multiple hearth incineration 

operation. 

Since multiple hearth incineration seems to be the most economical 

method of treating the dredgings, it was decided to further investigate other 

combinations of percent solids and percent volatile solids in the dredgings. 

These combinations are as follows: 

% Solids % Volatile Solids 

45* 10* 

45 20 

30 10 

30 20 

*Initial Assumptions 

The 45% solids versus 10% volatile solids combination has been 

analyzed and the cost summaries are presented in Table No. 15. The cost 

summaries for the other combinations are as follows: 
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45 '4 Solids and 20% Volatile Solids 

Annual Dredgings Capital Cost Total Annual Total 
(Cu.Yds.) Oper. & Main. Annual 
_Cost_Cost 

Cost 
Per 
Cu.Yd. 

3.0 X 106 

1.5 X 106 

0.5 X 106 

0.1 X 106 

30% Solids and 

3.0 X 106 

1.5 X 106 

0.5 X 106 

0.1 X 106 

$32,425,000 

16,761,000 

5,623,000 

1, 085,000 

% Volatile Solids 

$46,922,000 

24,683,000 

8,451,000 

1, 951,000 

$943, 000 

570, 000 

256,000 

136,000 

$4,124,000 $1.69 

2,702, 000 1.80 

971,000 1.94 

274,000 2.74 

$9,437,000 

4,858,000 

1,730,000 

406,000 

$15,405.000 

7,998,000 

2,805,000 

659,000 

5.14 

5.33 

5.61 

6.59 

30% Solids and 20% Volatile Solids 

3.0 X 106 

1.5 X 106 

0.5 X 106 

0.1 X 106 

$46,927,000 

24,683,000 

8,451,000 

1,991,000 

$6,728,000 

3,560,000 

1,319,000 

326,000 

$12,696,000 

6,700,000 

2,394,000 

579,000 

4.23 

4.47 

4.79 

5.79 

The combination of 45% solids and 20% volatile solids appears to be 

an extremely efficient condition for treating maintenance dredging. The 

principal reason for the extremely low cost is that the operation is positively 

thermally self sufficient. Until such time as extensive calorific testing is 

done on dredging samples the exact magnitude of the economics cannot be 
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compu .ed. 

The other two combinations result in considerably higher costs and 

if such conditions were to be encountered then the multi-hearth process 

would not be economically suited for treating the dredgings. 

The costs per cubic yard for all four conditions are shown graphic¬ 

ally on Figure 24. 



N. SEPARATION OF TREATED SOLIDS 

1. General 

As noted in Section G of this report, several of the unit operations being 

studied require the separation of the dredging solids from their water fraction. 

The treated sludges will range in solids from 10 to 20% by weight. In some 

cases the sludges could be disposed of as is but due to the large water vol¬ 

ume associated with the solids, the cost of transporting these sludges any dis 

tance would not be economical. In the case where the treated solids are to be 

hauled out into the lakes for depositing on the bottom, the estimated cost of 

hauling is $0.50 per cu. yd . One cubic yard of dredgings at 20% solids by 

weight contains approximately 600 pounds of dredgings while a cubic yard of 

50% solids contains 1100 pounds or more of dredgings. If the cost of concen¬ 

trating 20% solids to 50% or more is less than $0.50 per cubic yard then the 

concentrating is Justified. The concentration will be required in those cases 

where the water fraction has to be separated for treatment. If the concentration 

is from 10 to 50% then even a cost of $1.50 per cubic yard is Justified. 

Two methods of concentrating the solids in the treated sludges were 

considered. The simplest is to discharge the sludge to a lagoon and let the 

forces of gravity do the work. The variables governing the degree of concen¬ 

tration are as follows: 

a) The depth of the lagoon 

b) The detention time in the lagoon 

c) The method of removing the solids from the bottom 

of the lagoon. 
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Ba sed on a preliminary estimate of a reasonably sized lagoon, (several 

weeks' detention and 20 foot depth) a concentration of 30% solids might be 

possible. 

The second method considered is the centrifuging of the sludge. Based 

on past experience, a 50% solids cake was estimated. Rather than make two 

independent cost analyses, the cost of centrifuging was fully investigated. 

It was found to be cheaper based solely on the cost of hauling the dewatered 

solids at a unit price of $0.50 per cubic yard for concentrating from 10% or 

less to 50%, except when the annual yardage was less than 500, 000 per year. 

2. Design Considerations 

For the separation of the treated dredging solids, solid bowl centrifuges 

were selected. The effluent from the treatment units will be pumped to a bank 

of solid bowl centrifuges where the solids will be concentrated to approximately 

50%. The centrifuges have been sized at 12,500 pounds per unit per hour. 

The centrate, where no additional treatment is required, will be dis¬ 

charged back to the dredgings storage area for additional clarification. In the 

case where bio-oxidation of the centrate is required, such as in the case of 

wet-oxidation and chemical oxidation processes, the centrate will go through 

an additional treatment process. The cake from the centrifuge will be conveyed 

to barges or other conveyances for hauling to the selected disposal areas. 

Based on these considerations a solids dewatering system as shown 

in Plate No. 10 was designed for the following conditions: 
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Annual Dredging 
Quantities (cu.vds.) 

1,500,000 

1,000,000 

500,000 

100,000 

Total Dry Solids 
Per Day 

6,875,000 lbs. 

4,780,000 lbs. 

2,390,000 lbs. 

475,000 lbs. 

Cake to Disposal 
50% Solids (cu.vd./dav) 

3800 

2530 

1270 

253 

For the bio-oxidation of BOD, in the centrale from solids separation 

of the slurry, an activated sludge treatment will consist of aerating a mixture 

of 50% return sludge and the centrale for five days. After aeration the mixed 

liquor will be settled and the sludge returned to the aeration tanks and the 

clarified water discharged to the storage area. 

3. Capital Cost Estimates 

a) Capital costs for solids separation facilities are summarized 

as follows: “ 

Dredgings (CY/vr) 1,500,000 1,000.000 500.000 100.000 
(a) 

85% Dredgings (#/D) 5.93 x 106 3.96 xl06 1.98 x 10 6 0.40 x 106 

Centrifuges 

Conveyors 

Buildings 

Foundations 

Electric Service 

Site Work 

Sub-Total 

Eng. & Conting. 

$ 770,000 

48,000 

1,023,000 

6,600 

1,570,000 

171.000 

$ 540,000 

37,500 

760,000 

4,500 

1,097,000 

122.000 

$ 304,000 

27,000 

375,000 

2,400 

603,000 

66.000 

$ 80,000 

19,500 

92,000 

600 

162,000 

18.000 

$3,588,000 $2,561,000 $1,377,000 

897.000 640.000 344.000 

$372,100 

93.000 

TOTAL $4,485,000 $3,201,000 $1,721,000 $465,000 
(a) Dry solids based on 240 days/year. 
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Based on the above Fig. No. 25 was developed. This curve provides 

the means of estimating the capital cost of solids separation facilities for 

any annual dredging quantities. The capital costs from this curve can be 

used to develop the annual cost for financing the construction of any size 

project. A term of ten years and 4-5/8% annual interest is used for this pur¬ 

pose or a factor of 12.72% per year of the total capital costs. 

b) The capital costs for the bio-oxidation facilities for the centróte 

from the solids separation from the treated sludge have been developed from 

cost curves used for treating domestic sewage. Fig. No. 26 shows the 

capital costs of facilities versus daily rate of pounds of dry solids processed 

per day. 

4. Operating Costs 

a) Operating costs for solids separation facilities are made up of the 

following: 

I. Operating labor and supervision 

II. Utility costs (fuel, electricity, water) 

III. Maintenance (labor and materials) 

For the items of operating labor and supervision, the following tables 

of the 24-hour manpower requirements was estimated: 

1 
Dredgings (Cu.vd./vr) 

Operators 

Laborers 

1.500.000 1.000.000 500.000 100. 000 

6 6 3 3 

3 3 0 0 
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The above labor is minimal since supervisory personnel for the 

entire operation has been included under the major unit operation. Appendix 
i 

"C" lists the hourly wages, iricluding all payroll burdens, used. To calculate 

annual costs, the daily cost has been multiplied by 365 days although the 

operating period is only 270 days per year. 

The utility requirements for the operation of the solids separation 

facilities are shown as follows: 

Dredgings (Cu.yd./yr) 1.500.000 1.000.000 500.000 100.000 

#/Day dry solids_6.65 x 106 4.43xlp6 2.22x1Q6 0.44x106 

Electricity (KWH/day) 127,000 87,000 46,000 11,500 

Appendix "B" lists the costs of electricity. For annual maintenance 

a factor of 15% of the equipment costs has been used. A summary of the 

operating and maintenance costs for the four design points has been calculated 

and is plotted on Fig. No. 27. 

Table No. 16 and Fig. No. 28 show the cost per cubic yard versus 

annual dredged quantities. 

b) Operating costs for bio-oxidation of the centrate again are based 

on curves developed in the past for operation of sewage treatment bio-oxidation 

facilities and are shown on Fig. No. 29. 

Table No. 17 and Fig. No. 30 show the cost per cubic yard versus 

annual dredged quantities. 
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O. CONCLUSIONS 

1. General 
/ 

The reader should bear in mind that the information given in this 

report is based on very limited data. 

Characteristics of the harbor bottoms are based on sampling done by 

the Federal Water Pollution Control Administration and the Corps of Engineers. 

About 100 samples were taken to represent the several million cubic yards of 
r 

maintenance dredgings. Based on this limited sampling all of the character¬ 

istics of the bottom deposits had to be generalized. 

In all of the unit operations studied average conditions were assumed 

to develop design conditions. What may be fully applicable for one area may 

not be so for another. Since the purpose of this report is to establish pos¬ 

sible treatment processes and their capital and operating costs, the data 

presented, while limited, is sufficient for these purposes. The costs shown 

are valid estimates for the assumptions made. 

As previously mentioned in this report one essential piece of infor¬ 

mation required for the selection of design processes is the quality standards 

which the effluents and sludges must meet before being dumped either on 

land or to the deeper portions of the lake. In all instances, it has been 

assumed that the stabilization of the biological activity of the sludges is 

the prime criteria, and once stabilized, these sludges would be acceptable 

for disposal. However, it is recognized that the various treatments will 



produce different quality effluents. Biological treatments will satisfy oxygen 

demands and will destroy some percentage of bio-degradable volatile solids, 

leaving as a residual volatile solids that are relatively biologically inert. 

Chemical treatment will destroy those solids, mostly organic, reacting 

with the chemical used. Wet oxidation will destroy most of the volatile 

solids, but will put some bio-degradable materials into solution. Incineration 

will effectively destroy all volatile solids and produce an inert dry solids 

residue. None of the treatment processes, however, would remove organic 

chemicals. Thus, in considering cost factors, it is also necessary to con¬ 

sider the effectiveness of the treatment process in relation to the ultimate 

disposal of the materials and the standards of requirements governing such 

disposal. 

In the previous sections of this report, costs have been presented for 

ten unit operations. The individual sections do not list any advantages or 

disadvantages aside from costs of the unit operations being developed. These 

advantages and disadvantages follow: 

2. Advantages and Disadvantages of Unit Operations Presented 

a) Separation of Particle Sizes 

This unit operation offers the benefit of reducing the volume and weight 

of the dredgings to be stored and treated. This benefit will vary from harbor to 

harbor depending on the quantity of removable particles, larger than 70 microns. 

Therefore in the analysis of each harbor, the cost of separation against the 

cost of treating all of the dredgings has to be weighed. The curves presented 

are flexible enough to permit this evaluation. 



The disadvantages of separation of particle sizes may be that some 

volatiles are also included in the larger fraction. Quite possibly the larger 

particle size fraction may require treatment before discharge. This must be 

ascertained by additional investigation of the nature of the volatiles in 

this fraction. 

b) Storing and Handling Dredinqs 

This operation is essential. It acts as a buffer between the erratic 

time cycle of the dredgings and a reasonable treatment time cycle. It is 

therefore not weighed on its advantages and disadvantages. 

c) Treatment of Separated Waters 

This is similar to the Storing and Handling of Dredgings - it is an 

essential step to treat contaminated water, separated from the dredgings 

before being discharged. 

d) Anaerobic Stabilization 

This unit operation has the advantages of an easily operated treat¬ 

ment that could run 365 days a year. The process, however, requires a 

large land area. Another disadvantage is that it is a biological process and 

therefore subject to upset by toxic materials that could be in the dredgings. 

A third disadvantage is the necessity of treating the liquid that separates 

from the solids during treatment before it would be acceptable for discharge. 

e) Aerobic Stabilization 

This biological process has advantages and disadvantages similar 

to the anaerobic process. However, the area requirements could be satis- 
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fied by a diked lake area rather than using existing land, and the control 

would be simpler. The time period for treatment would have to be shortened 

to about eight (8) months per year due to freezing winter conditions. 

f) Chemical Stabilization 

Control of the process would be simpler and land requirements for 

chemical treatment are less than for the biological treatment processes. 

Treatment by this process, however, results in a sludge whose water frac¬ 

tion requires additional treatment. This increases the number of treatment 

steps. 

g) Wet Oxidation 

This is similar to the Chemical Oxidation Process, resulting in a 

separated liquor requiring biological treatment. 

h) Fluid Bed Incineration 

This process has the advantages of producing a completely inert 

residue. It requires, for maximum efficiency,a minimum amount of moisture 

in the solids. In some cases a mechanical solids concentration step 

prior to the introduction to the furnaces may be required. 

i) Multi-Hearth Incineration 

This process is similar to the Fluid Bed Incineration 

j) Separation of Treated Solids 

This process is essential to all of the operations that produce 

sludges with 10% or less solids by weight or where the water fraction 

requires additional treatment. 
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3. Using Data Presented 

For the unit operations studied a final cost curve of cost per cubic 

yard of dredgings versus total annual quantity of dredgings has been pre¬ 

sented. By using these curves in various combinations, complete treat¬ 

ment processes and associated costs can be obtained. 

To assist in analyzing the data presented, a theoretical harbor has 

been assumed having the following characteristics: 

a) Annual maintenance dredgings of 100,000, 500,000 and 

1,000,000 cubic yards. 

b) Dredged material contains 10% volatile solids. 

c) Dredged materials, after separation of 15% of the solids 

as sand and gravel sized particles, can be thickened by 

storage to 45% solids. 

d) Silt and clay sized particles have a heat value of 1850 BTU/lb. 

Based on these assumptions Tables 18, 19 and 20 have been prepared cover¬ 

ing the six (6) basic treatment processes and the three plant capacities. 

tables indicate that the least expensive treatment is by incineration 

using multi-hearth furnaces. Using the same assumptions except for chang¬ 

ing the annual yardage to cover 500,000 to 1,500,000 yards per year, also 

show that multi-hearth incineration is the most economical. 

The difference in cost between multi-hearth incineration and aerobic 

stabilization for the assumptions made before is only 6% at 500,000 cubic 

yards per year or more. Below this quantity multi-hearth incineration is much 

less expensive (see Figure No. 31). The accuracy of the cost estimates 
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made is not sufficient to allow an exact statement to be made that the multi¬ 

hearth treatment is unquestionably the least expensive for this set of assump¬ 

tions. When the volatile solids are assumed at 20% then the difference is 

approximately 40% and it can safely be concluded that multi-hearth incinera¬ 

tion is the most economical process. 

If the assumptions were changed as follows then the multi-hearth 

would not be the least expensive. 

Dredged materials after separation of 15% of its solids, as sand and 

gravel sized particles, can be thickened to only 30% solids and contain 10% 

volatile solids. 

In this case the least expensive treatment process would be aerobic 

stabilization. This is also the case where the solids are 30% and the volatile 

solids are 20% or more. 

In weighing the various pro’s and con's to determine which solution 

is preferable, consideration of the first costs or capital costs of the facilities 

required should also be made. The capital costs of multi-hearth incineration 

and aerobic stabilization for a 1,000,000 c.y./yr. facility and solids concen¬ 

trations up to 45% are as follows: 

Aerobic Stabilization $ 7,585,000 
i 

Multi-Hearth Incineration 12,000,000 
i 

Considering the unknown time for which the treatment facilities would 
I 

be needed, the large difference in capital cost would possibly swing the pre¬ 

ference to the aerobic treatment. 
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4. Application of Data to Pilot Harbors 

a) General 

The characteristics of the dredgings that is probably most imports.it 

in determining the need for treatment is BOD and/or COD. Following is a 

tabulation of the available data on average BOD's and COD's for each of 

the 8 pilot harbors: 

Great Sodus Bay 

Buffalo Haibor 

Cleveland Harbor 

Toledo Harbor 

Rouge River 

Indiana Harbor 

Calumet Harbor 

Green Bay 

* Expressed as ppm. 

FWPCA 
BOD* COD* 

22,200 

117,500 

13,000 211,000 

800 

3,100 240,000 

351,000 

139,700 

220,000 

Univ. of Wisconsin 
COD* (1) 

17,350 

99,700 

165,300 

73,100 

190,500 

267,000 

95,600 

94,000 

(1) Averages from Table 2, Sodus Bay Sample S-l not included. 

Table No. 5,in Section B, shows that some samples from all harbors 

could be treated aerobically. One sample from both Great Sodus Bay and 

Rouge River dredgings did not respond to aerobic treatment. Whether this 

was due to toxic substances in the sludge or to the lack of biodegradable 

material is unknown. 
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The only pilot harbor where it is questionable if treatment of the 

dredgings is required is Great Sodus Bay. The quantity of annual dredgings 

is small and the average COD of the dredgings is also small in comparison 

to the other harbors. 

Assuming that aerobic stabilization treatment is the preferred method 

its application to each harbor and the annual cost per cubic yard per harbor 

can be calculated. 

Assuming that all pilot harbors would require this treatment of their 

dredgings, Table 21 has been prepared. This table shows the annual cost 

per cubic yard and the total annual costs. 

5. Continuing Work Required 

The treating of dredgings by aerobic stabilization appears to be a 

feasible and economic method of stabilizing the dredgings to a reasonable 

degree. The work presented in this report is based on very limited data and 

before any design of aerobic treatment of the dredgings is undertaken, addi¬ 

tional test work should be done, as follows: 

a) A representative harbor should be selected for a pilot plant inves¬ 

tigation. Buffalo or Cleveland would lend themselves to such an undertaking 

since storage facilities are presently available and electric energy is con¬ 

venient to either site. The volatile solids content and COD of the dredgings 

from these harbors are average and representative. 
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b) The following should be studied in the pilot plant: 

I. Separation of sand and gravel sized particles. 

II. Characteristics of the separated solids, emphasis on vola¬ 

tile and bio-degradable matter. 

III. Thickening of the silt-clay particles to the maximum 

concentration. 

IV. Calorific content of the sand-gravel and of the silt-clay 
» 

sized particles. 

V. Aerobic stabilization of the silt-clay sized particles. 

VI. Thickening or centrifuging of the treated silt-clay particles. 

VII. Bio-assay work on the effects of the treated dredgings on 

growth of algae. 

c) On completion of the pilot plant work, preferably for a nine to ten 

months' period during a dredging season, a restudy of the costs of treating 

the dredgings should be made. 
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APPENDIX A 

DRAWINGS 

PLATE NUMBER TITLE 

A-l 

A-2 

A-3 

A-4 

A-5 

A-6 * 

Great Sod)is Bay 
; 
I 

Buffalo Harbor 

Cleveland Harbor 

Toledo Harbor 

Rouge River 

Calumet River 

A-7 Green Bay 

* Includes facilities for Indiana Harbor. 

The following drawings show the areas tentatively selected 

for storage and treatment of dredgings for each pilot harbor. In the case of 

the Great Sodus Bay no treatment is anticipated, therefore no storage or 

treatment area is shown. The area shown on Plate No. A-6 is for both the 

Calumet River and Indiana Harbor. Dredgings from Indiana Harbor would 

be hauled to the site indicated. 
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LOOK T*\ 

'Jnr—?[0 . 

;®SAMPLE POINT 

IOOO CALUMET HARBOR 

NCBOLSINE, TOTH, M«PHEE ASSOCIATES 

SEPTEMBER, 1968 

REPORT TD U.S. ARMY. CORPS OF ENGINEERS 

0ACW4B 69 C 0001 

a-7 



PLATE A-7 

GB-AB-S-ei" 

PROPOSED DREDGINGS STORAGE 

AND TREATMENT PLANT r / 
® GB-AB-4-68- 

®SAMPLE POINT 

OOO 300 0 1000 ¢¢¢0 4000 GREEN BAY 

NEBOLSINE, TOTH, MePHEE ASSOCIATES 

SEPTEMBER, I96S 

REPORT TO U.3. ARMY. CORPS OF ENGINEERS 

0ACW4S 60 C 0001 
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APPENDIX B 

umn/ costs 

1) Utility costs for operating the facilities described in this report were 

assumed to be as follows: 

a) Machinery fuel and lubrication costs: 

I. Fuel consumption 0.36# per brake horsepower 

per hour. (#2 Diesel Oil) 

II. No. 2 Diesel oil, $0.1314 per gallon or $0.0175 

per pound. 

III. Lubrication costs assumed as equal to 75 percent 

of fuel costs. This figure includes minor main¬ 

tenance . 

b) Cooling water - assumed to be harbor water pumped at the 

treatment site. Cost - $0.015/1000 gallons. 

c) Boiler feed water - assumed to be harbor water treated at 

the site. Cost - $0.20/1000 gallons. 

d) Heating fuel - $0.60/million BTU. 

e) Electric energy - as described in Section 'D', "Unit Oper¬ 

ations Studies", the cost of electric energy is based on generating power by 

diesel generators at the site. This approach was used because of the in- 

accessability of many of the pilot harbor treatment sites to local power lines. 



The cost of furnishing electric energy is divided into three 

major sub-divisions as follows* 

I. The cost of the engine-generators and their auxiliary 

equipment plus the cost of distributing the power to 

the treatment facilities. 

II. The cost of providing a building for generators, 

auxiliaries and switch gear. 

III. The cost of operating and maintaining the equipment. 

Since the cost studies prepared for the treatment facilities 

ate subdivided into capital costs and operating and maintenance costs, the 

capital costs of providing electric power has been computed for 2 subdivisions 

following I and II above. These costs versus total KW Installed capacity are 

plotted in Figures B-l and B-2 which are Included In this appendix. The costs 

from Figure B-l is carried as a separate cost in the capital cost tabulations 

but the cost of buildings from Figure B-2 has been included with the cost of the 

other required buildings. The cost of operating and maintaining the electric 

generating equipment from Figure B-3 is added to the other operating and main- 

tenance costs. 
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APPENDIX C 

LABOR COSTS 

D ON-SHORE TREATMENT FACILITIES 

To establish salaries for on-shore installations, salary scales 

for similar workers in industry were selected. The rates include normal pay¬ 

roll burdens such as social security, hospitalization, pensions, etc., but do 

not include vacation or sick leave. In applying these rates where treatment 

operations are only 270 days a year, it has been assumed that 45 additional 

days will be needed for normal maintenance and that the remaining 45 days 

will be consumed by sick leave and vacation. The hourly rates used are as 

follows: 

a) Superintendent $10.00/hr 

b) Foreman 7.50/hr 

c) Operators 6.25/hr 

d) Asst. Operators 5.00/hr 

e) Chemist 6.25/hr 

f) Asst. Chemist 5.00/hr 

g) Laborer 3.75/hr 

Yearly salaries are based on 2080 hours per year. 

2) FLOATING EQUIPMENT 

Due to the fact that there are existing contracts with labor 

on dredges in the Great Lakes, it was assumed that marine personnel for 

c-I 



dredging operations associated with the treatment operations would have to be 

paid on a similar basis. The Table on the following page shows how the daily 

salary o. a dredge crew is computed. 

The work schedule of the crew, except for Captain and 

Chief Engineer, is 7 days on, 2 days off; 7 days on, 2 days off, 7 days on and 

three days off; then repeat. The Captain and Chief Engineer were assumed 

to work 58 hours per week, 48 hours straight time and 10 hours overtime. 

Crews work 40 hour weeks before overtime. The annual total manpower 

costs for 270 days per year were computed to be as follows- 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 

j) 

Captain 

Operators 

Chief Engineer 

Asst. Engineer 

Oilers 

Deck and Pontoon 

Pipeline Foreman 

Pipeline Men 

Tug Operator 

Deck Hands 

$ 15,526 

11,549 

15,526 

11,234 

10,157 

Foreman 11,073 

11,073 

10,092 

10,842 

10,537 
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TESTS FOR PARTICLE 

SEPARATION FROM DREDGINGS 



I. GENERAL 

A test program was conducted to investigate the use of a 12" cyclone 

for primary separation of the volatile matter in channel dredgings, a 50 mm 

cyclone for secondary separation of the 12" cyclone overflow, a thickening 

test on the 12" cyclone overflow, a classification test of the 12" cyclone 

underflow, and spin tests on the underflow from the thickening test. 

Primary separation in the 12" cyclone effected about a 200 mesh 

separation with about a 10% volatile concentration in the underflow. The 

volatile solids concentration in the 50 mm cyclone ranged between 4.5% and 

8.7%. Thickening tests show a unit area requirement of 186 sq.ft./ton solids/ 

24 hours producing an underflow concentration of 30% solids. Classification 

tests did not show satisfactory reduction of the volatile content of the sands. 

Centrifuge spin tests indicated that excessive amounts of flocculant aids 

would be required for effective dewatering. 

H. SAMPLE 

Four (4) 55 gallon drums of channel dredgings were used for tests per¬ 

formed on 20 August, 1968. The sample was marked D108-1 through 4 for 

identification. The entire sample was consumed in the test work. 

Chemical and size analyses are presented in Tables El and E2. 

III. OBJECT OF TESTS 

To separate the organic and phosphate bearing fractions from stable 

channel dredging solids. 

e-1 



The purpose of this program was to investigate the use of a 12" cy¬ 

clone for primary separation, the use of a 50 mm cyclone for separation of the 

primary overflow, the adaptability of thickening to 12" cyclone overflow, the 

use of a classification technique to produce a less than 1% volatile solids 

sand fraction, and the possibility of dewatering the sludge from the thickening 

and settling tests by either filtering or centrifuging. 

IV. SUMMARY 

The sample as received contained coarse wood and refuse and was 

screened on a 1-inch mesh prior to testing in the 12" cyclone. Three tests were 

then run at varying conditions. Size analyses presented in Table E-2 show that 

about a 200 mesh separation was effected. However, a considerable amount of 

cattail stalks, wood and other light debris reported to the overflow. 

Solids recovery to the 12" cyclone underflow ranged between 6.7% and 

16.1% at solids concentrations from 56.1% to 61.1%. Underflow volatile solids 

and total phosphorus concentrations were about 10% and 800 ppm (total phos¬ 

phorus), respectively. The phosphorus concentration of the feed was 629 ppm 

(total phosphorus), showing a small net concentration in the underflow. The 

volatile solids concentration dropped from 14% in the feed to the 10% concen¬ 

tration in the underflow. Subsequent classification test work on the 12" 

cyclone underflow showed that three decants on a 325 mesh separation basis 

only reduced the volatile solids concentration of the sands to 6.8%. 

The sands contain coarse volatile matter which classifies approximately 

comparable to the non-volatile sands. It is possible that the volatile matter 
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and sands are agglomerated, indicating hat a mechanical scrubbing prior 

to secondary separation is required. The sands dewatered well showing 

horizontal filtration rates of 1250 lbs ./ft.2/hr. and a residual cake mois¬ 

ture of 8.5%. 

Subsequent test work on the 12" cyclone overflow also showed 

little separation of volatile matter. The 50 mm cyclone results showed a 

lower volatile concentration than the 12" cyclone tests, but still amounted 

to between 4.5% and 8.7% for weight recoveries of between 7.8% and 17.1% 

A thickening test on the 12" cyclone overflow showed a unit area require¬ 

ment of 186 sq. ft.Aon solids/24 hours, producing an underflow concentra¬ 

tion of 30% solids for a 24 hour detention time. 

Centrifugal spin tests on thickener underflow indicated excessive 

flocculant aid dosages would be required to obtain improved dewatering. 

Tests without flocculant aid showed poor solids recoveries with attendant 

dirty concentrates. 

V. CONCLUSIONS AND RECOMMENDATIONS 

Classification techniques on the samples tested did not prove 

satisfactory for volatiles reduction in the sands fraction. As indicated, 

tests including a light attrition scrub prior to classification may free vola¬ 

tile matter and produce an acceptable product. It is recommended more 

work be done in the primary separation area. Other samples should be 

investigated to insure that the test work as performed is representative 

of how most dredging sludges will act. 
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Dewatering of the dredged sludge can be accomplished through either 

filtration or centrifugation. However, additional work is required to estimate 

the cost of dewatering versus the combustion of the thickener underflow directly 

in an incineration unit. 

It is recommended that an expanded program be instituted that includes 

a study of several representative samples to determine if a satisfactory sands 

fraction can be obtained as well as determination of the economics of sludge 

dewatering prior to fluid bed incineration. 
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TABLE El 

CHEMICAL ANALYSES SUMMARY 

Sample 

Total Soluble 
P p BOD 

ppm ppm mg/1 
COD 

mg/i 

12" Cyclone Feed 
Test #1 U'flow 
Test #2 U1 flow 
Test #3 U'flow 

629 4 
728 3 
793 3 
813 3 

20,000 81,000 

50 mm Cyclone Feed 567 
#1 O'flow 786 
#2 O'flow 536 
#3 O'flow 561 

BTU content of 30% solids thickener underflow is 1450 BTU/lb, 

TABLE E2 

12" CYCLONE SIZE ANALYSES 

% Cumulative Plus 

Test #1 Test #2 Test #3 

O'f 

Tyler 
Mesh 

6 
8 

10 
14 
20 
28 
35 
48 
65 

100 
150 
200 
325 

Feed 

.158 

.42 

.63 
1.05 
1.58 
2.64 
3.70 
5.17 
7.3 
10.2 
13.6 
17.1 
25.6 

U'f 

.99 
1.58 
2.36 
3.30 
4.82 
7.65 
12.5 
23.2 
43.5 
64.5 
74.0 
79.1 
82.9 

O'f 

Tr 
.36 
.54 
1.25 
1.43 
1.97 
3.04 
3.58 
4.83 
6.8 
9.8 

13. 7 
20.9 

U'f 

1.53 
1.95 
2.56 
3.17 
4.15 
5.60 
8.05 
13.5 
24.6 
42.8 
58.6 
67.3 
74.6 

O'f 

.29 

.29 
1.03 
1.17 
1.77 
2.50 
3.24 
4.12 
4.70 
6.18 
8.54 
12.0 
20.9 

U'f 

.21 

.55 
1.04 
1.52 
2.56 
3.94 
5.67 
9.13 
16.6 
29.0 
43.6 
55.8 
67.7 

.17 

.34 

.52 
1.20 
1.38 
1.90 
2.42 
3.10 
3.80 
4.83 
5.70 
8.28 
15.5 

Note: 1. Wet screening on 200 and end point on 325 plus 200 dried and 
RoTaped. 

2. Coarse material contained in overflow is wood and light debris. 
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TABLE E3 

MOISTURE ANALYSES 

Sample % Moisture % Solids 

12" Cyclone Feed 
12" Cyclone Test #1 Overflow 
12" Cyclone Test #1 Underflow 
12" Cyclone Test #2 Overflow 
12" Cyclone Test #2 Underflow 
12" Cyclone Test #3 Overflow 
12" Cyclone Test #3 Underflow 
50 mm Cyclone Feed 
50 mm Cyclone Test #1 Overflow 
50 mm Cyclone Test #1 Underflow 
50 mm Cyclone Test #2 Overflow 
50 mm Cyclone Test #2 Underflow 
50 mm Cyclone Test #3 Overflow 
50 mm Cyclone Test #3 Underflow 

76.8 
77.7 
43.9 
78.0 
42.3 
79.5 
38.9 
77.6 
88.5 
49 
83.2 
41.3 
82.1 
42.3 

23.2 
22.3 
56.1 
22.0 
57.7 
20.5 
61.1 
22.4 
11.5 
51 
16.8 
58.7 
17.9 
57.7 

TABLE E4 

VOLATILE ANALYSES 

% Volatile Solids 

Sample Dry Basis Wet Basis 

12" Cyclone Feed 14.05 
12" Cyclone Test #1 Overflow 20.6 
12" Cyclone Test #1 Underflow 8.85 
12" Cyclone Test #2 Overflow 13.4 
12" Cyclone Test #2 Underflow 10.85 
12" Cyclone Test #3 Overflow 17.9 
12" Cyclone Test #3 Underflow 9.15 
50 mm Cyclone Feed 15.2 
50 mm Test #1 Overflow 20.8 
50 mm Test #1 Underflow 7.72 
50 mm Test #2 Overflow 19.0 
50 mm Test #2 Underflow 4.47 
50 mm Test #3 Overflow 19.2 
50 mm Test #3 Underflow 8.74 

3.24 
4.62 
4.99 
2.92 
4.5 
3.57 
2.94 
3.32 
3.34 
3.77 
3.26 
2.54 
3. 13 
5.21 



TABLE E5 

DATA AND RESULTS OF 12" CYCLONE TESTS 

Test No. 1_ 

Diam. Unit (inches) 12 
Apex Diam. (inches) 2 
Vortex Diam. (inches) 5 
Feed Pressure, psig 5 
Feed Source As Rec'd. 

Screened 
thru 1” 

Additives None 

Input: 

Feed Cone. % Solids 23.2 
Feed Rate gpm 180 

Output: 

Overflow Cone, % Solids 22.3 
Overflow Rate 175 

2 3 

12 
2 
5 
10 

As Rec'd. 
Screened 
thru 1" 

None 

12 
3 
5 
10 

As Rec'd. 
Screened 
thru 1" 
None 

23.2 23.2 
262 262 

22 21.5 
253 246 

Underflow Cone. % Solids 
Underflow Rate gpm 

% Recovery of Solids 

Underflow/Feed Solids 

% Flow Split 

Underflow/Feed Rate 

56.1 
5 

6.7 

2.78 

57.7 
9 

7.7 

3.44 

61.1 
16 

16.1 

6.11 
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TABLE E6 

DATA AND RESULTS OF 50 MM CYCLONE TESTS 

Test No. 

Type Unit 
Diam. Unit (mm) 
Apex Restrictions 
Feed Pressure psig 
Feed Source 12" 

Additives 

Input: 

Feed Cone. % Solids 
Feed Rate, gpm 

Output: 

Overflow Cone. % Solids 
Overflow Rate, gpm 

Underflow Cone. % Solids 
Underflow Rate gpm 

% Recovery of Solids 

Underflow/Feed Solids 

% Flow Split 

Underflow/Feed Rate 

I 11 

P-50 P-50 P-50 
50 50 50 
None Part Maximum 
35 35 35 

Cyclone 12" Cyclone 12" Cyclone 
O'flow O'flow O'flow 

None None None 

22.4 22.4 22.4 
17.57 16.5 16.4 

3.7 16.8 17.9 
16.25 15.75 15.9 

51 58.7 57.7 
1.32 .755 .496 

17.1 11.9 7.8 

7.5 4.56 3.04 
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TABLEE? 

Settling 

1 

2 

3 

LONG TUBE CLASSIFICATION TEST 

325 Mesh Separation - 3 Decants 

O'f O'f 
Total Solids O'f % 
Wt. gr. gr. Volatiles 

Sediment 
Wt. U'f % 

Grams Solids 

831 79,5 16.4 

766 6.5 15.2 

776 2.9 18.2 

340 

351.2 

359.7 57.5 

Sediment 
% 

Volatiles 

6.8 

Feed material prepared by diluting 12" cyclone underflow with 1 part of 
water. Classification performed on a 2.7 specific gravity separation at 
325 mesh. 

TABLE E8 

FILTRATION TEST RESULTS 

1. Filtration Tests on thickener underflow: 

Drum Filter Basis 

Solids Rate - 10 Ib/ft. Vhr. 
Filtrate Rate - 2 gal./ft. 2/hr. 
Cake Moisture - 43% 

2. Horizontal filtration tests on classifier underflow: 

Solids Rate - 1250 lb./ft.2/hr. 
Cake Moisture - 8.5% 
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TABLE E9 

CENTRIFUGE SPIN TEST RESULTS 

1. Excessive flocculant requirements to obtain clear overflow. 

2 . Unflocculated test segregated badly with very turbid overflow. 

FIGURE 10 

THICKENING TEST RESULTS 

12" cyclone overflow thickening requires plant unit area 
of 186 ft. ton solids 24 hours underflow concentration 
30.0% solids at 24 hours thickener detention time. 

e-10 



APPENDIX C7 

DREDGINGS DISPOSAL IN SEWERAGE SYSTEMS 

PREPARED BY 

THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

AND 

U. S. ARMY CORPS OF ENGINEERS, CHICAGO DISTRICT 



DEPARTMENT OF THE ARMY 
CHICAGO DISTRICT. CORPS OP ENGINCKRS 

219 SOUTH DEARBORN STREET 
CHICAGO. ILLINOIS S0S04 

Pilot Program, Great Lakes Dredging Disposal-Report on 

Feasibility of Disposing Dredged Material from Chicago 

River into Interceptor - Sewage Treatment Plant System 

of the Metropolitan Sanitary District of Greater Chicago 

District Engineer, Buffalo District 

1. There are inclosed copies of letter dated 12 November 1968 from 
the Metropolitan Sanitary District of Greater Chicago (inclosure #l) 

and copies of the Sanitary District's report dated October 1968, 

titled "Cooperative Pilot Program to Determine Feasibility of Disposing 

of Dredge Spoil from Waterways in the Sanitary District Interceptor- 

Sewage Treatment Plant System." (inclosure #2) Advance copies of the 

report were furnished you by letter dated 21 November I968, subject: 
"Pilot Program, Great Lakes Dredging Disposal - Disposal of Dredged 

Material from North Branch, Chicago River in Local Sewers and Treatment 

in Municipal Sewage Treatment Plants." 

2. In a general review of the Sanitary District's report, this office 

found certain errors or discrepancies which were called to the attention 

of the Sanitary District. It is understood that the Sanitary District 

intends to issue an errata sheet to its report but it is uncertain at 

this time when such issuance will be made. In addition to the general 

review this office has made a detailed study taking into consideration 

the information contained in the Sanitary District Report together with 

other information collected by this office. The results of this study, 

titled "Supplemental Study" are set forth in Inclosure 4. Attention is 

invited to the fact that the following paragraphs in this letter report 

are based on the Sanitary District's report and not on our Supplemental 

Study, as the latter should not affect to any major extent the general 

conclusions that can be reached from the Sanitary District's report. 

3. Our letter of 21 November 1968, referred to in paragraph 1 above, 
stated that the Sanitary District's report was being reviewed in this 

office, and that the results of such review would be included in a 

Supplement to our report dated August 1968, titled "Study on Provision 

of Alternative Disposal Apeas for Chicago Harbor and River, Illinois." 

During visit of Mr. Carl Fo^ley, Buffalo District on 26 November 1968 
we were informed that our reports of studies of alternative disposal 

areas for various harbor projects will be included as appendices in the Pilot Stufy 
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NCCED-PH 

SUBJECT: Pilot Program, Great Lakes Dredging Disposal-Report on 

Feasibility of Disposing Dredged Material from Chicago 

River into Interceptor-Sewage Treatment Plant System of 

the Metropolitan Sanitary District of Greater Chicago 

Report, and that the study of the feasibility of disposing dredged 
material from the North Branch, Chicago River into the Sanitary 

District interceptor-sewage treatment plant system will be included 
as a separate appendix in the Pilot Study Report. Thus, our original 

intent to submit the latter study as a supplement to our report on 

provision of alternative disposal areas for Chicago Harbor and River 
is no longer applicable. 

4. It was tentatively agreed with Mr. Fo^ey on 26 November I968 
that the Chicago District would submit a letter report to the Buffalo 
District inclosing the Sanitary District's report on the feasibility 

of disposing the dredged material in the Sanitary District's interceptor- 

sewage treatment plant system, and thatthe Buffalo District will use it 

as considered appropriate in preparing the appendix on the subject matter 

for inclusion in the Pilot Study Report. This letter is the letter report 
on the subject. 

5. The inclosed Sanitary District report states that dredged material 

was introduced into the interceptor-sewage treatment plant system, herein¬ 

after referred to as the Sanitary District System, from two locations, 

i.e., on the South Fork of the South Branch of the Chicago River in the 

vicinity of the Racine Avenue Pumping Station, and on the North Branch, 

Chicago River just south of North Avenue. It is to be noted that the 

South Fork of the South Branch is often referred to locally as Bubbly 
Creek. 

6. The first test or experiment was conducted at the Racine Avenue Pumping 

Station of the Sanitary District with material dredged from the South Fork 

of the South Branch by means of a mobile clam-shell crane operating on 

the river bank. The dredged material was carried by gravity through the 

Southwest Interceptor to the Southwest Treatment Plant located along the 

Chicago Sanitary and Ship Canal. The South Fork of the South Branch is 
not part of the Federal project. However, previous tests by FWPCA of bottom 
samples taken in the South Fork and in the North Branch, which is a part 

of the Federal project, indicated that the materials at both locations 

were somewhat similar (inclosure 3)* Urns, it was believed that the first 

test, which could be accomplished by use of a clam-shell crane at the 

Racine Avenue Pumping Station at comparatively low cost and with a minimum 

of difficulty, would probably produce results applicable to the North Branch 

and/or serve as a useful guide in planning additional tests that might be 

required. 
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SUBJECT: Pilot Program, Great Lakes, Dredging Disposal-Report on 

Feasibility of Disposing Dredged Material from Chicago 

River into Interceptor-Sewage Treatment Plant System of 

the Metropolitan Sanitary District of Greater Chicago 

7- As indicated in the Sanitary District's report the first test at 

the Racine Avenue Pumping Station did not produce satisfactory results 

and showed the need for additional tests. Accordingly, on the basis 
of the first test, two additional tests were planned and conducted. 

8. The second test was also conducted in the vicinity of the Racine 

Avenue Pumping Station with material dredged from the South Fork of the 

South Branch. However, in the second test a small hydraulic dredge was 

used in excavating the material in the South Fork instead of the clam¬ 

shell crane. As in the first test, the material dredged in the second 

test was carried by gravity through the Southwest Interceptor to the 
Southwest Treatment Plant. 

9* The third or final test was conducted in the North Branch of the 

Chicago River which is a part of the Federal project. As such, the 

material excavated was the same as would be excavated during normal, 

maintenance dredging operations. Therefore, the third test was considered 

as being most representative and applicable with respect to maintenance 

dredging of the North Branch of the Chicago River. In the third test, 

the material was dredged from the North Branch by means of the small 

hydraulic dredge and was carried by gravity through the West Side 

Interceptor to the West Side Treatment Plant. 

10. It is to be noted (see Figure 1 of the Sanitary District Report) that 

the Southwest and the West Side Treatment Plants are located in the same 

general area. Figures 2A and 2B of the Sanitary District's report are flow 

diagrams for the Southwest and West Side Treatment Plants . In connection 
therewith, attention is invited to the fact that the effluent from the 

Imhoff tanks of the West Side Treatment Plant receives secondary treatment 

at the Southwest Treatment Plant. Thus, the Southwest Treatment Plant 

performs secondary treatment for the flows carried in both the Southwest 
and West Interceptors. 

11. Although not mentioned in the Sanitary District's report, the Southwest 

and West Side Treatment Plants have the following capacities. 

Plant 

Southwest 

West Side 

Primary Treatment Secondary Treatment 

300 mgd 800 mgd 
5OO mgd none 
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Pilot Program, Great Lakes Dredging Disposal-Report on 

Feasibility of Disposing Dredged Material from Chicago 

River into Interceptor-Sewage Treatment Plant System of 

the Metropolitan Sanitary District of Greater Chicago 

12. In summary, the results of the tests indicated the following 

with respect to the feasibility of disposing dredged material from 

the North Branch of the Chicago River in the large interceptor- 

sewage treatment plant system of the Metropolitan Sanitary District 
of Chicago. 

a. For the quantities of dredged material introduced into the 

system there was no adverse effect on the interceptor system when the 

material was excavated by hydraulic dredge. The cutter head was 

effective in breaking up the material to the extent that there was no 

noticeable deposition thereof in the gravity-flow interceptors. How¬ 

ever, placement of large masses of material in the interceptors, such 

as would be excavated by clam-shell or similar type excavating equipment 

could ultimately adversely effect the flows in the interceptor by 

deposition of the material in the interceptors. This could more readily 

occur if the excavated material contained cohesive clay. 

b. The quantities of dredged material, placed in the system did 

effect plant operation although the liquid quantity was only a very 

small fraction of the capacities of the treatment plants. This was due 

to the fact, that the dredged material passed through the grit chambers 

without settlement, thus causing an unusually high load in the primary 
and secondary treatment processes. 

c. The estimated cost of disposing dredged material from the 

North Branch of the Chicago River into the Sanitary District interceptor- 

sewage treatment plant system is approximately $9.00 per cubic yard of 
dredged material, based on the results of the tests. 

d. The capacities of the sewage treatment plants to handle the 

dredged material in the primary and secondary treatment processes or 

facilities are very limited. In view thereof an abnormally long period 

of time would be required to dispose of the dredged material from the 
North Branch of the Chicago River. 

J+ 
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SUBJECT: Pilot Program, Great Lakes Dredging Disposal-Report on 

Feasibility of Disposing Dredged Material from Chicago 

River into Interceptor-Sewage Treatment Plant System of 

the Metropolitan Sanitary District of Greater Chicago 

13. In view of the high cost of handling the dredged material in the 
primary and secondary treatment facilities, and the very limited 

capacity of the plants which would prolong the dredging over an abnormal 

period of time and thus further add to the dredging costs, it is 

believed that disposal of dredged material from the North Branch of the 

Chicago River into the Sanitary District interceptor-sewage treatment 

plant system is not feasible from an economic viewpoint. 

k Incl ( in quad) 

1. Ltr dtd 11/12/68 

2. Rpt dtd Oct 68 
3. FWPCA Test Results 

k. Supplemental Study 
dtd Dec 1968 w/Exhibit A 

ITC, Corps of Enslnoer* 
Deputy DiRtrict Engineer 
for Civil Worte 

Copies Furnished: (w/incls) 
NCD 
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Colonel Edward E. Bennett 
U. S. Army, Chicago District 
Corps of Engineers 
219 South Dearborn Street rf 
Chicago, Illinois 

Dear Colonel Bennett: 

You will find attached twelve copies of the report on 
"Cooperative Pilot Program to Determine Feasibility of 
Disposing of Dredge Spoil from Waterways in the Sanitary 
District Interceptor-Sewage Treatment Plart System." 

Our major finding is that nearly all of the solids are 
handled in the primary and secondary phases of the treat¬ 
ment plant process. Unfortunately, we are very limited 
in our capacity to handle solids produced in these 
processes. This results in the subject method of dredge 
spoil disposal not being adaptable to large scale dredging 
operations. We feel it has definite potential to very 
limited projects, however. 

Since dredge spoil dispcsal is an essential area within 
the pollution control picture, this basic method may be 
applicable in' another form. It is not unrealistic to 
conceive of a plant specifically built to process and 
dispose of dredge spoil. 

The Sanitary District feels satisfaction ih having been 
part of this mutual endeavor. Deserving special recog¬ 
nition is the close cooperation between our two agencies* 
We feel this report will be informative in your further 
'studies* . 

Very truly yours. 

Vinton V. Bacon 
General Superintendent 

INCkOSURB i 



( THE METROPOLITAN SANITÄRE DISTRICT OF GREATER CHICAGO 

Department of Maintenance and Operation 

( 

REPORT ON 
COOPERATIVE PILOT PROGRAM TO DETERMINE FEASIBILITY 
OF DISPOSING OF DREDGE SPOIL FROM WATERWAYS IN THE 

SANITARY DISTRICT INTERCEPTOR-SEWAGE TREATMENT PLANT SYSTEM 

OCTOBER« I960 

( 
JMGLOSUfiE 2 



TABLE OP CONTENTS 

FINDINGS . 1 

INTRODUCTION . 1 
i , 

CONDUCT OF DREDGING. . .. 2 

EFFECTS UPON INTERCEPTOR SYSTEM. 6 

EFFECT UPON PLANT OPERATIONS . 7 

COSTS AND CAPACITY FOR LARGE AMOUNTS OF SPOIL. .... 12 

ACKNOWLEDGEMENTS . 15 

TABLES AND FIGURES 
t 

Table 1 - Conduct of Dredging Operations and 
Solids Handled 

Figure 1 - Dredging Areas and Distances to Southwest 
Treatment Plant 

Figure 2A - Flow Diagram for Racine Avenue Dredging 

Figure 2B - Flow Diagram for North Branch Dredging 

Figure 3 - Laboratory Analysis of Racine Avenue Dredging 

Figure 4 - Laboratory Analysis of North Branch Dredging 

Figure 3 - Settleablllty of Dredged Material 

INCLOSURE 2 



■r 

FINDINQS 

A cooperative pilot program to study the feasibility of 

disposing the spoil from waterway dredging in the Sanitary 

District interceptor-treatment plant system has been concluded. 

It is found that the method is a practical one but is high in 

cost and would require long periods of time to dispose of 

large quantities of solids. 

The high costs result because the material is fine in 

texture and must be handled by the more difficult methods of 

solids disposal. The long periods result because the Sanitary 

District does not have sufficient solids-handllng capacity to 

process and dispose of this material« and it must be taken 

when excess capacity is available. 

INTRODUCTION 

At a meeting held on July 2, 1968 in the office of the 

Sanitary District, the Chicago District of the Corps of Engineers 

and the Metropolitan Sanitary District of Greater Chicago 

Jointly agreed to conducting a pilot investigative program on 

the disposal of dredge spoil via the Sanitary District inter¬ 

ceptor and treatment plant system. At the meeting, it was 

agreed that the Corps of Engineers would perform all necessary 

work in the conduct of dredging and putting the spoil into 

the Sanitary District system. 

- 1 - 
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The Sanitary District would transport the spoil via the 

interceptor system and dispose of the spoil via its sewage 

treatment plant processes, collect samples of the dredge 

material, determine the effect upon the interceptor system 

and upon the treatment plant processes, and report the results 

of this program. This is a report on the conduct of this 

pilot program and a presentation of its effect upon the 

Sanitary District system and the proposed guidelines and esti¬ 

mated costs of full scale dredging operations. 

CONDUCT OF DREDGING 

The first phase of the dredging operations was undertaken 

at the Racine Avenue Pumping Station. Utilizing a clamshell 

bucket on a mobile crane, the Corps of Engineers dredged solids 

off the bottom of the South Pork of the South Branch of the 

Chicago River in the vicinity of the station and deposited this 

spoil into the north end of the discharge chamber of the station. 

The spoil material was sluiced through the discharge chamber by 

an amount of water taken in through a sluice gate. At the 

southern end of the discharge chamber, the mixture of spoil and 

sluicing water combined with the raw sewage being pumped at the 

station and was transported to the West-Southwest Sewage Treat¬ 

ment Plant via the Southwest Interceptor, a distance of some 

six miles. 
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Dredging In this manner occurred on July 26, 29 and 31j 

1968. The amount of material Introduced into the system was 

approximately 230 cubic yards. The clamshell operation experi¬ 

enced many difficulties which negated its performance as a 

reliable test program. Its most obvious deficiency was the 

inability to dredge a sufficient amount of material Within a 

reasonable boom reach. 

This phase of the program was concluded with a recog¬ 

nition that a better method of conduct of the pilot program 

was necessary. 

Racine - Suction Dredge 

The Corps of Engineers scheduled the use of an eight- 

inch suction dredge at the same site for the next phase of 

the pilot program. The dredge "Depoe Bay" was used and is a 

portable suction dredge having a nominal capacity of 100 cubic 

yards per hour capacity with a maximum digging depth of' 

approximately seventeen feet. Its liquid discharge rate is 

approximately 4.5 cubic feet per second. This equipment was 

moved into the South Pork of the South Branch and dredging 

commenced on September 17 and concluded on September 26, 1968. 

The dredge worked in the area to the north of the station 

aorosa tha full width of the river channel. Over thie period 

of time, it moved a total of 6,788 cubic yards of material. 

Thie material has a dry solide equivalent of approximately 

- 3 - 
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3070 tons. A list of daily gutput from the dredge may be 

observed on Table 1. 

The liquid-solid slurry produced by this dredge was con¬ 

ducted via an eight-inch pipeline along the west side of the 

Racine Avenue Pumping Station to a manhole on the Southwest 

Interceptor No. 4 immediately to the southwest of the station. 

The slurry continued via the Southwest Interceptor to the 

West-Southwest Sewage Treatment Plant. 

Within the Southwest Sewage Treatment Plant, the mate¬ 

rial passed through the coarse screens, was pumped at the 
«• 

main pumping station, passed through aerated grit chambers, 

through the primary settling tanks, the aerobic reactors, 

and the final clarifiers. See Figure 2A. 

The solids from this slurry were largely removed in the 

primary and secondary processes at the plant. Very little 

solids were removed at the grit chambers. A breakdown of 

the proportions of removal within the treatment plant will 

be discussed later. 

North Branch - Suction Dredge 

The third phase of the pilot program consisted of dredg¬ 

ing from the North Branch of the Chicago River with the same 

suction dredge previously used at Racine Avenue. This acti¬ 

vity took place on September 30 and October 1 and 2, 1968. 

The dredging was accomplished in the turning basin located 
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immediately south of North Avenue on the North Branch of the 

Chicago River. 

Tne iiquia-solid slurry from the dredge was conducted 

via the eight-inch pipeline to a manhole located on the west 

bank of the river at Blackhawk Street. This manhole is on 

the West Side Interceptor No. 9. The slurry was transported 

via the West Side Interceptor system to the West Side Sewage 

Treatment Plant. 

The three-day operation on the North Branch resulted in 

the removal of 2,490 cubic yards of material which has a dry 

weight equivalent of approximately 604 tons. Dally detail 

on this operation is shown on Table 1. 

Upon reaching the West Side Sewage Treatment Plant, the 

spoil material passed through the coarse screens and the 

pumping station, the grit chambers, and the imhoff plant. 

The effluent from the West Side Sewage Treatment Plant goes 

into the secondary process of the Southwest Sewage Treatment 

Plant. See Figure 2B. 

Again, the solids were removed In the imhoff and secon¬ 

dary plants. No Increase in grit production was evident. A 

breakdown of the proportions of removal is discussed later. 
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EFFECTS UPON INTERCEPTOR SYSTEM 

During all phases of this pilot program and Investi¬ 

gation, a surveillance of the interceptor system was kept to 

determine if any adverse effects were occurring. Prior, 

during and subsequent to the Raclne-clamsheU operations, 

inspections were made of the discharge chamber at the pumping 

station and the Interceptor downstream for approximately 1.5 

miles. These inspections revealed that there were no notice¬ 

able effects upon the Interceptor; however, the discharge 

chamber did receive some deposits of dredged material. These 

deposits were found to be a result of the conduct of the 

dredging and of flow characteristics in the discharge chamber. 

The clamshell operations produced large masses of co¬ 

hesive clays which were not broken up in the dredging work. 

The discharge chamber has locations where flow is quiescent 

and would arrest the movement of these masses. Inspections 

prior to the clamshell dredging revealed deposits of loose 

grit material. However, subsequent to the dredging, these 

same deposits were found to be enlarged by the addition of 

masses of clay. In subsequent suction dredging, the oper¬ 

ation of the cutter head broke up all materials and elimi¬ 

nated this problem. 

During the suction dredge operations, both at Racine 

Avenue and at the North Branch, surveillance was made of the 

Interceptor system. The surveillance was In the form of a 

$ 
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check on water level surfaces in the system at certain strate- 

gic locations. These observations Indicated that during the 

dredging« there was no noticeable Increase In water levels and 

thus no noticeable effect on deposition In the Interceptor 

system. Purthermore, the examination of water level recorder 

charts from two recorders located In the West Side Interceptor 

Indicated there was no trend or any other evidence which would 

Indicate that deposition was occurring. Physical examination 

of these Interceptors Is extremely difficult because water 

depths range from 3*5 to 6.0 feet under normal flow conditions. 

Dredging via a suction dredge or Introduction Into the 

system of dredge spoil via a pumped liquid-solid slurry would 

have no adverse effects upon the Interceptor system. Trans¬ 

portation of the material via the Interceptor system is feasi¬ 

ble as long as the material Is similar In nature to that 

material which was dredged in these operations. Velocities in 

the interceptor rarely fell below 2.3 feet per second. 

EPPECT UPON PLANT OPERATIONS 

The pilot program dredgings did have a significant effect 

upon plant operations. Prior to the start of the dredging« 

the material to be dredged was thought of as the type which 

would be largely removed in the grit chambers. After the 

first week of dredging at Racine Avenue site« the Southwest 

Sewage Treatment Plant personnel discovered an unusually heavy 

" 7’ )NCLOSURE 2 



loading on the primary and secondary processes. It was at this 
« 

time that the true character of the dredged material became 

evident. 

Figures 3 and 4 present laboratory results of analyses 

made of samples of the dredged spoil. A composite sample of 

the dredged spoil was collected for each day of operation. 

Die composite sample was made of half-hourly grab samples 

collected at the point where the dredged spoil enters the 

Sanitary District manhole from the dredge pipeline. 

It is shown that the solids concentration for the two 

sites is higher on the average at Racine Avenue than at North 

Branch. Furthermore, the volatile portion cf the total solids 

is higher in the material from the North Branch than that from 

the South Fork at Racine Avenue. This Is probably due to the 

relative age of the dredged material. At Rad ne Avenue, the 

solids have accumulated to a greater depth over the years and 

the underlying material Is of greater age. In contrast, on 

the North Branch the material Is more In a flowing stream and 

large deposits are not allowed to accumulate. 

The larger amount of volatile material would contribute 

to greater biological activity. This would cause an additlpnal 

load on the treatment process as the biological activity must 

be reduced as well as the solids removed. 

( 
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Figure 5 presents contrasting results of settleabllity 

tests made on samples taken from the same location. Prior 

to the conduct of the dredging in September« 1968« the con¬ 

sensus was that the material was largely of the grit type. 

This was in part due to the results of analysis of samples 

taken in November« 1967» The settleabllity tests made on a 

sample taken in July, 1968 present results which are quite 

the opposite. This sample was taken from the material as it 

was being dredged via the clamshell operation at Racine Ave. 

Treatment plant operations indicated that very small 

amounts of this material were being deposited in the grit 

chambers and most was being handled in the primary and secon¬ 

dary phases of the plant process. A disposition of these 

solids was made to determine the relative proportions handled 

in the primary and secondary phases. It must be understood 

that this analysis is subject to some inaccuracies becaise 

of the complexity of the treatment process and the occurrence 

of rainfall during the conduct of the dredging operations. 

The information presented is based on the best available 

plant operating data and judgments of experienced treatment 

plant operating personnel. 

During the suction dredge operations at Raolne Avenue« 

an estimated total of 3070 tons of dry solids were intro¬ 

duced into the system and the treatment plant since no 
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deposition in the interceptor was evident. On this total, 

thirty-five tons were handled in the grit chambers. This 

figure can be considered negligible since normal variations 

in plant operations could easily account for it. 

The primary plant handled approximately 1700 tons or 

5556 and the secondary plant approximately 1370 tons or 45^* 

At our disposal costs, handling these solids would amount to 

$147,000 or $47.90 per ton of dry solids, or $21.70 per cubic 

yard of material as dredged. 

During the dredging operations at the North Branch, an 

estimated total of 604 tons of dry solids were handled. 

Again, no deposition in the interceptor was evident, and we 

must assume this amount of material reached the treatment 

plant. There was no increase in production in grit material 

at the West Side Sewage Treatment Plant during this period. 

The imhoff tanks at the Wast Side Sewage Treatment Plant 

handled approximately 351 tons or 58^» and the secondary 

plant at Southwest Plant handled approximately 253 tons or 

42JÉ. At our disposal costs, handling these solids would 

amount to $22,100 or $36.60 per ton of dry solids, or $8.90 

per cubic yard of material as dredged. 

The different unit costs on a dry-solids basis are due 

to the different disposition of solids within the plant. 

The different unit costs of the material aa dredged also 
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reflect the variation In solids concentration at the two 

dredging sites. 

Disposal costs for primary solids are lower at the West 

Side imhoff plant as opposed to the Southwest primary plant. 

Imhoff solids are disposed of by sand drying beds and then 

dumping in a land fill, whereas the Southwest primary solids 

are handled in the Wet Air Oxidation process, a rather complex 
* 

mechanical operation. 

Disposal costs for secondary solids are similarly high 

since either digestion and land disposal or heat drying are 

employed. The solids from heat drying are sold at a large 

financial loss, as commercial fertilizer. The costs for these 

processes are summarized below: 

PROCESS 

Imhoff, Drying Beds, Dump 
Wet Air Oxidation 
Heat Drying 
Digestion, Land Disposal 

COST 

530 Per Ton 
>0 " " 

h it 

it it 
1¾ 
535 

Net 

Por comparison, grit solids are dewatered and dumped in a 

landfill at about $3*00 per ton. 

Pilot program dredging at both sites resulted in a very 

similar disposition of solids within the whole treatment 

process. It can be assumed the dredging of this type of 

material would result in a disposition of 500 to 600 in the 
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primary and 50$ to 40# in the secondary. The one large cost 

variable is whether the dredge spoil receives primary treat¬ 

ment in the West Side or Southwest Plants. This variable Is 

reflected in the unit figures given for the pilot program 

results. 

COSTS AND CAPACITY FOR LARGE AMOUNTS OF SPOIL 

An analysis of treatment plant records reveals that a 

combination of some rains and the Racine Avenue dredging 

contributed to high solids loading subsequent to September 21. 

These conditions would have resulted in a curtailment of the 

dredging operations had there been at that time more infor¬ 

mation as to'how this dredging was affecting treatment plant 

operations. This information and this condition is typical of 

how the acceptance of dredge spoil would be handled in the 

event the Sanitary District were to process large amounts of 

this material on a production basis. 

Solids loading and the quality of effluent being dis¬ 

charged into the canal system would be the prime factors in 

allowing receipt of this material. Because of the dependence 

of these factors upon weather and equipment availability within 

the treatment plant, it i^ apparent that we cannot allow the 

processing of dredged spoil on a continuous basis. It must 

be taken when conditions will allow and at other time be stored 

or otherwise withheld from our system. 
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When solids disposal equipment is at full capacity, there 

is the ability to dispose of 1100 tons of solids per day. 

Comparing this to an annual average of 800 to 850 tons of 

sewage solids removed and disposed of, there is an apparent 

excess of 250 to 300 tons per day of capacity. In reality, 

this excess is not available because of the erratic nature of 

the Incoming solids loading and the need of equipment outage 

for normal or emergency maintenance. 

Very infrequently, there is a period when there is an 

excess of solids disposal capacity. As a result, our plant 

is incapable of being committed to handling an extra load of 

solids. Periodically, some additional load could be accommo¬ 

dated. For this reason, the Sanitary District could engage in 

small maintenance dredging projects simllár in volume to those 

of the pilot program. 

During the pilot program, a total of approximately 3670 

tons of solids were delivered to the plant within sixteen days. 

High solids content continued within the plant for at least 

two weeks subsequent to the end of the dredging. The plant is 

still recovering from this high input. 

Based upon costs given above for the processing of the 

pilot program material from the North Branch, an estimate can 

be made of the cost of handling the estimated 120,000 cubic 
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yards of material which the Corps of Engineers will remove as 

part of their maintenance dredging in the North Branch. These 

estimates assume that all deposits are similar to those already 

encountered. The estimated cost of handling this material 

for solids disposal alone is $1,100,000. Since it would take 

longer than one year to process this material, it would not 

be economical to engage dredge equipment for this period of 

time. Some form of temporary storage would be necessary to 

hold the material until the plant can handle it. 

/ 
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TABLE I 

THE METROPOLITAN SANITARY DISTRICT OP GREATER CHICAGO 

Department of Maintenance and Operation 

CONDUCT OF DREDGING OPERATIONS AND SOLIDS HANDLED 

SOUTH PORK OP SOUTH BRANCH OP CHICAGO RIVER 

Volume Removed Total Solids 
Date (Cubic Yards) (# Per Day) 

9/17 648 3.64 

9/18 510 1,05 

9/19 740 6.01 

9/20 777 2.31 

9/21 770 7.21 

9/22 

9/23 740 5.37 
9/24 900 11.03 

9/25 845 3.40 

9/26 050 3.34 

TOTAL 6,780 4.93 
(Average) 

Solids 
Proportion 
(Per Cent) 

159 

66 

216 

102 
320 

Hours of 
Operation 

8 AM - 4 PM 

fl AM - 9 AM 
9:30 AM-3PM 

0 AM - 2:30PM 

8 AM - 4 PM 

0 AM - 4 PM 

236 8 AM - 4 PM 

720 (8:30AM-9:45AM 
(1:30-Midnight 

305 8AM-Mldnlght 

294 Midnight-4PM 

3*066 

TURNING BASIN AT NORTH AVENUE - NORTH BRANCH OP CHICAGO RIVER 

9/30 555 

10/1 1,000 

10/2 935 

TOTAL 2,490 

2.30 

3.09 

^22 

2.88 
(Average) 

93.2 6 AM - 4 PM 

250.0 8AM-Mldnlght 

261.0 Midnight-4PK 

604.2 

Volume removed determined from soundings made by Corps of Engineers. . 

Solids processed determined from pumping rate and solids proportion. 

Pumping rate determined as 4.9 cubic feet per second for Racine Avenue 
site and 4.5 cubic feet per second for North Branch site. 
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FIGURE 1 

DREDüING AREAS & DISIaNCES 
.TO S. W. TREATMENT PLANT 

6 MILES • RACINE AVE. DREDGINGS 
11 MILES • TURNING BASIN DREDGINGS 
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FIGURE 2B 
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FIGURE 3 

Research & Development Laboratories 
5901 West Pershing Roed» Cicero, Illinois 60650 

October 8, 1968 

Project: Bubbly Creek Dredging 
Sample Date: September 17 - 26, 1968 

Type of Sample: Daily Composite of Dredging Materiel 

DATE TOTAL SOLIDS 

9/17/68 3.64 

9/18/68 1.85 

9/19/68 6.01 

9/20/68 2.31 

9/21/68 7.21 

9/23/68 5.37 

9/24/68 -sfr AK, 11.03 

9/25/68 -/4 - 3.48 

9/26/68 3.34 

Ave«.* *€.*•• 4.12 
*Hexsna soluble on dry bools 

HJB/dd 
cc: Messrs. G. A. Ettelt 

B. Lanyon 
P. P. Lofttts 

VOLATILE TOTAL SOLIDS GREASE* 

37.94 5.85 

35.25 3.04 

31.99 4.13 

36.12 4.66 

21.89 1.94 

32.98 4.82 

18.64 5.90 

21.94 3.60 

31.01 2.78 

Sanitary Chemist III 

4.0* 
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FIGURE 4 

( 

( 
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METUOPOLITAN SAN1TÀRY »ISTKH.T 
1' 

// t i 
(/ I • 

lOÛ CAST 

C-- 

OF ! («ItKATEK i 

WÂMÉi 
il 1 ■ uisiil. 

Jiffi 
oo 

^^jJirõLlllínFaiiimLl. [-¡q ■¡¡.Frn.Ti'n tnrnUmL 
Research & Development Laboratories 

5901 West Pershing Road, Cicero, Illinois 60650 

October 8, 1968 

DREDGING PROJECT 

NORTH BRANCH OP THE CHICAGO RIVER (ELSTON & BLACKHAWK, 

Reference: U. S. Corps of Engineers (August 8, 1968) 

DATE TOTAL SOLIDS 

9- 30-68 2.30 

10- 1-68 3.09 

10-2-68 3.22 

. Averts: 2.87 

*Hexane soluble of dry basis 

PERCENT 

VOUTILE OF TOTAL SOLIDS GREASE* 

36.80 2.76 

42.72 2.49 

43.34 2.54 

4o.« 2.60 

HJB/dd 

cc: Messrs. G. A. Ettelt 

R. Lanyon 

F. P. Loftus 
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Chicago Program Office, FWPCA Date: 5/14/68 

CHICAGO RIVER - BOTTOM SEDIMENTS 

April 26, 1968 

Results expressed in mg/kg - Dry basis* 

Type of Sample Bottom Sedimenta 

CPO No. 1600 1601 1602 1603 1604 

Station (maps attached) 68-1 68-4 68-7 68-9 68-12 

7. Total Solids (of Sample)* 30.1 30.7 
**(1) ^ 
34.6 

**(í) 
22.7 29.1 

6.1 6.2 7.5 7.0 7.9 

COD 269.000 296.000 378.000 616.000 559.000 

BOD 12.000 11.700 11.100 >18.000 >14.000 

pH* 6.90 6.95 7.10 7.20 6.95 

Oil and Grease ...Zxioo 35*547 , 68.948 52.821 

* Solids results are based on wet sample and pH as explained below: 

* 20 May 1968 Specific gravity determinations of above samples 
(1) and (2) irfade by FWPCA on 20 May 1968 at request of Chicago 
District. 

(1) Sp. gr. 1.2107 (2) Sp. gr. 1.1397 

DISCUSSION 

BOD's were tested by weighing designated amounts in BOD bottles, filling 

dilution water, shaking the mixture, and allowing to stand for 5 days. 

The actual BOD values for Stations 68-9 and 68-12 are greater than the 
amounts listed in the above table since all oxygen was depleted before five 

days. 

pH's were determined as on Page 46 (3-25) of "Soil Chemical Analysis" 
by Jackson. Twenty ml distilled water were added to a 20 gm sample and the 

mixture was stirred periodically for an hour; then pH was measured. 
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f December I968 

SUPPLEMENTAL STUDY BY 

CHICAGO DISTRICT IN CONNECTION 

WITH METROPOLITAN SANITARY DISTRICT 

OF GREATER CHICAGO REPORT DATED 

OCTOBER 19feöt TITLED, ‘'COOPERATIVE 

PILOT PROGRAM TO DETERMINE FEASIBILITY 
" OF DISPOSING OF DREDGED SPOIL FROM 

WATERWAYS IN THE SANITARY DISTRICT 

INTERCEPTOR-SEWAGE TREATMENT PLANT’1 

1. With respect tp Table I of the Sanitary District's report the 
folloving additions and/or corrections should be made? 

a. The column heading "Solids Proportion (Per Cent)" should be 
changed to "Solids Portion-Tons." 

b. The column heading "Hours of Operation" should read "Periods 

of Operation" as the time periods given in the column indicate the actual 

period of time the dredge vas in operation and dredging into the inter¬ 
ceptors . 

c. An additional column "Actual Hours of Dredging" should be added. 

d. The total in the fourth column for the South Fork is in error 
and should be changed from 3,066 to 2,4l8. 

e. Information as to the average cubic yards dredged per hour should 

be added. This can be obtained by dividing the totals in the second 

column by the totals of the actual hours dredged (see subparagraph c above). 

f* It would be useful to include information as to pumping rates in 
gptn as well as in cfs. 

2. Exhibit A is a revised Table I incorporating the additions and/or 
corrections mentioned in paragraph 1 above. 

3. The error mentioned in paragraph Id above would require the following 
changes in the Sanitary District report. 

a. In first line on page 4 change 3070 tons to.24l8 tons. 

b. In second line from bottom on page 9 change 3070 tons to 24l8 tons. 

c. The second paragraph on page 10 would read: 

( 
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"The primary plant handled approximately IO5O tons or 43$ and the 
secondary plant handled approximately 1370 tons or 57$. At our disposal 
costs, handling these solids would amount to $114,500 or $47.30 per ton 
of dry solids, or $16.90 per cubic yard of material as dredged." 

P16 tonnages, percentages, and costs in the above quoted paragraph were 
furnished by the Sanitary District after it was informed that the 3066 tons 
in Table I was in error. 

d. In the third paragraph on page 13, first line, change 3670 tons 
to 3022 tons. 

4. It appears that in determining the tons of dry weight material handled 
in its system the Sanitary District applied the percentage of solids in 

^re^Sed material (combined liquids and solids) without considering the 
differences in densities. Apparently a density of 1.Ó was taken for 
both the solids and liquid. In connection therewith the Sanitary 
District determined that on the Ilorth Branch the 2490 cubic yards of 
dredged material resulted in 6o4 tons of dry weight solids based on a 
dredge pumping rate of 4.5 c.f.s. and a 2.9Ö percent solids content. 
This equals approximately 485 lbs. of dry solids per cubic yard of 
dredged material or 4.12 cubic yards of dredged material is equal to 
about one ton of dry solids. However, using the results of FIJPCA 
analyses of bottom material in the Ilorth Branch (see Inclosure 3), 
which indicated a 34.6 percent solids content and a specific gravity 
of 1.21 for the solids, (sample at station 68-7), a cubic yard of the 
river material prior to dredging would contain about 705 pounds of 
solids (dry weight or about 2.8!| cubic yards of the material in the 
river would contain one ton of dry solids.). 

5- The Sanitary District's report indicates that the introduction of 
dredged materials into its interceptor-sewage treatment plant system 
during the tests had a marked effect on the operation of the treatment 
plants but no apparent effect on the interceptors. On the South Fork, 
the hydraulic dredge discharged into interceptor at a rate of about 
2200 gpm which is an equivalent rate of about 3.14 MOD. The discharge 
into the interceptor had about a 5 percent solids content (50,000 mg/kg). 
At the same time the pumps at the Racine Avenue Pumping Station were 
discharging sewage flow into the interceptor containing about 0.025 
percent suspended solids (250 mg/l) at a rate of about 260 MGD. Although 
the pumps discharging sewage flow into the interceptor operated for only 
about 12 to 14 hours per day, and the discharge of dredged material into 
the interceptor was only for a limited period, the additional sewage 
flow entering the interceptor between the pumping station And the 
treatment plant resulted in a total flow at the Southwest Plant equal 
to about 300 million gallons in a 24-hour period..Thus, the flow in the 
interceptor attributable to the dredging operation was somewhat 
insignificant compared to raw sewage or sanitary flow. 
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2.¡jó HOD. Sewage or aanitary flow in the interceptor wao cot liante d by 
the Sanitaiv District Lo be about 300 MGD. Additional nevare or 
sanitary flows dis char ¡jinf; into the interceptor upstream of the Vie st 
Side Sewage Treatment Plant resulted in a total flov; in the interceptor 
at the plant of about 500 IIGD. Thus, the flow in the interceptor 
attributable to dred^inj operation was almost nc¿Lisihie when compared 
to the sewage or sanitary flow. 

7« The 300 MOD flow in the interceptor to the Southwest Side Treatment 
Plant plus the 500 MOD flow in the interceptor to the Weat Side Treatment 
Plant mi ¿it reach pea'ts of one billion cail°ns per day which could 
provide a more favorable dilution factor. However, the total solids 
loading in the flow through the interceptors, while not adversely 
affecting the interceptors themselves would be such as to prohibit any 
additional discharge into the system from dred^in^ operations. 

6. The following tabulation summarizes the flows in the interceptors, 
both those resulting from hydraulic dred^ins operations and the normal 
sewage or sanitary flows. 

SOLIDS KAHDLED 3Y ILTERCEPT0RS 
BEFORE AliD DURING DREDGING OPERATIONS 

2nd Test - South Fork - Racine Avenue Pumping Station 

Hydraulic Dredge Discharce Sanitary Flow in 
Interceptor Into Interceptor 

Pumping Rate 
Suspended Solids 
Suspended Solids 
Dry Solids handled per 
day at these rates 

3.14 MOD 
% 
50000 ms/kg 

260 MOD 
0.0250^ 
250 ms/1 

1,310,000 lbs 542,000 lbs. 

3rd Test - North Branch 

Hydraulic Dredge Discharge 
Into Interceptor_ 

Sanitary Flow in 
Interceptor 

Pumping Rate 
Suspended Solids 
Suspended Solids 
Dry Solids handled per 
day at these rates 

2.66 MGD 
3* 
30,000 mg/kg 

300 FjGD (estimated) 
0.0250p 
250 mg/1 

715,500 lbs. 625,500 lbs. 

3 
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Total Sewage I-’lov to West fie Southwest Plante 

Based on North Branch Operation 

Hydraulic Dredee Discharge 

Into Interceptor 

Sanitary Flow in 

Interceptor 

Flow Rate 

Suspended Solids 

Suspended Solids 

Dry Solids handled per 

day at these rates 

2.CÓ MOD 

3* . 
30,000 mc/hc 

715,500 lbs. 

COO MOD 

0.0250^ 
25O nc/1 

1,668,000 lbs. 

9. The quantities derived in the above tabulation were not based on _ 

the suecific Gravity of the solids in the dredeed material discus sea 

in paracraph 4 above. It is to be noted that the computed l,6oö,000 lbs. 

of dry solids to be carried in the interceptors to both the Southwest 

and West Side Scwace Treatment Plants corresponds closely with the oOO 
to 850 tons of dry solids given on page 13 of the Sanitary District s 
report as the annual averace tons of solids removed at the two plants. 

As the maximum capacity for the two plants is about 1100 tons cl solids 

removal per day, it is apparent that this capacity could be reached when 

the sanitary flow in the sewers approached 1,000 mgd, at which time there 

would not be plant capacity available to handle the solids from dredging 

operations. 

10. It is also to be noted from the computed quantities given in the 

tabulation in paragraph 8 that: 

a. The suspended solids in the sanitary flow in the interceptor at 

the Racine Avenue Pumpinc Station vereequal to about 250 mc/l which is 
equivalent to 542,000 lbs of dry solids based on a sanitary flow of 

260 MGD. The dredged material introduced into the interceptor had 
suspended solids load equal to about 50,000 mg/kg which is equivalent _ 

to 1,310,000 lbs of dry solids based on dredged material flow of 3*1» 
into the interceptor. Thus, the introduction of dredged material into 

the interceptor would increase the total solids in the flow in the 

interceptor from 542,000 lbs of sewage solids per day to a total of 

1 842,000 lbs of comuined sewage and dredging solids per day, although 
the rate of flow in the interceptor would be increased by only 3*14 MGD, 

i.e. from 260 MGD to 263.14 MGD per day. The concentration of solids 

would be increased from 250 mg/1 of sewage solids to about 840 roc/1 of 
combined sewage and dredging solids. Thus, it is apparent tha* 
introduction of diedged material, while causing only a negligible increase 

in the total flow in the interceptor, could more than triple the solids 

load carried in the interceptor. Although such increase in rate of solid 

load introduced into the system by dredging operations did not adversely 

affect the functioning of the interceptor, it did have a marked affect 

on the operation of the treatment plant. 
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b. The suspended solids in the sanitary flow in the interceptor 
near the North Branch of the Chicaßo River was equal to about 250 
mß/l which is equivalent to some 625,500 lbs of dry solids based on 
a sanitary flow of about 300 MOD. The dredged material introduced 
into the interceptor had a suspended solids load of 30,000 mg/kg 
which is equivalent to 715,500 lbs of dry solids based on a dredged 
material flow of 2.86 MOD. Thus, the introduction of dredged material 
into the interceptor would increase the total solids in the flow in 
the interceptor from 625,500 lbs of sewage solids to a total of 
I, 3^1,000 lbs of combined sewage and dredging solids per day, although 
the rate of flow in the interceptor would be increased only 2.86 MOD 
i.e. from 300 MGD to 302.86 MGD. The concentration of solids would be 
increased from 250 mg/l of sewage solids to about 530 rag/l of combined 
sewage and dredging solids. Thus, it is apparent that while the 
introduction of dredged material results only in a very small increase 
in the total rate of flow in the interceptor, it could double the 
suspended solids load carried in the interceptor. While this did not 
have any apparent adverse effect on the functioning of the interceptor 
it did have a marked effect on the operation of the treatment plants. 

II. The estimated costs to the Sanitary District for handling the 
solids from dredging operations on the North Branch of the Chicago 
River are about $9.00 per cubic yard of material as dredged. The 
estimated cost of operating the hydraulic dredge used in the tests 
is approximately $700 per day for one 8-hour shift per day, six days 
a week. Normally, the dredge operates three shifts a day, six days 
a week and has an output of about 2000 cubic yards per day. Assuming 
that the maximum dredged yardage that the Sanitary District system 
could handle might average about 400 cubic yards of dredged material, 
and that this dredging could be accomplished in one shift, which is 
a very inefficient use of the dredge, the cost of dredging would then 
be about $1.75 per cubic yard. Then, adding thereto the cost of about 
$9.00 per cubic yard for the handling of the dredged material in the 
Sanitary District system, the total cost per cubic yard approaches $11.00. 
This is based on the Sanitary District being able to handle UOO cubic 
yards per day every day. This is considered optimistic and there may be 
days when no dredged material can be introduced into the Sanitary District 
system. Under such conditions the total cost per cubic yard would be 
more than $11.00 per cubic yard. In view thereof, together with the fact 
that the dredging period would be exceptionably long, disposal of dredged 
material in the Sanitary District interceptor-sewage treatment plant 
system, while feasible, is considered to be uneconomical. 
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Revised Dee. 60 

TABLa I 

THE METROPOLITAN SANITARY DISTRICT OF GREATER CHICAGO 

Department of Maintenance and Operation 

CONDUCT OF DREDGING OPERATIONS AND SOLIDS HANDLED 

3ÏÏÜrHTÜÎU OF SOUTlf BRAiidt CHICAGO RIVER 

Volune Removed 
Date (Cubic Yards) 

9/17 6L8 
9/18 518 

9/19 7hO 
9/20 777 
9/21 770 
9/22 
9/23 7^0 
9/24 900 

9/25 845 

5/26 * TOTAL 6 

Total Solids 
(½ Per Day) 

3.64 
1.85 

6.01 
2.31 
7.21 

5-37 
11.03 

3.48 

--¾ 
4.96-¾ r9S-Wei¿hted 

Averace Based on 
Original Period of 
Operation. 

Average Cubic Yards Dredged per hour - 98 

Solids 
Portion-Tons 

159 
66 

216 
102 
320 

236 
720 

305 
294 

2,418 

Period of 
Operation 

8 AM - 4 PM 
(8 AM - 9 AM 
9:30 AM-3 PM) 
8 AM.-2:30 PM 
8 AM - 4 PM 
8 AM - 4 PM 

8 A4 - 4 m 
(8:30AM-9:45AM 
1:30-Kidni¿ht) 
8AI4 - Midnight 

. I'iidnißht-4 PI4 
TOTAL 

Actual Kro. of 
Dreo,:;ing 

6.75 
4.25 

5.92 
7.25 
7.I7 

7.25 
10.25 

13.50 
7.O8 
&Ï2 

TURNING BASIN AT NORTH AVENUE - NORTH BRANCH OF CHICAGO RIVER 

9/30 555 
10/1 1,000 
10/2 . 935 

TOTAL 2749Õ 

Average Cubic Yards Dredged 

2.30 93-2 
3.O9 25O.O 
3.22 261.0 
2.90-Weichted 604.2 

Average Based on 
Original Period of 
Operation, 
per hour - 77 

8 A4 - 4 PM 5.92 
8A4-Midnight 11.83 
Midnight-4 FM 14.50 

TOTAL 32.33 

Volume removed determined from soundings made by Corps of Engineers. Solids 
processed determined from pumping rate and solids portion. Pimping rate 
determined as 4.9 cubic feet per second for Bâclas Avenue sits and 4.5 cubic feet 
per second for North Branch site. 

Fluorescent dye used to determine punping rate In the 8" pipe. 

4.9 CFS * say 2200 gpm 

I 4.5 CFS ■ say 2000 gpm 

¡Exhibit A 
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SUMMARY 

The objective of this study has been to determine the feasibility 

of evaluating the economic benefits which might accrue from improvement 

of Great Lakes water quality if dredged material were not disposed of in 

the open waters of the lakes. The assumption was made that the effect of 

changes in spoil disposal on the quality of water at points of use some 

distance from the disposal site could be estimated. Our purpose has been 

to develop a methodology for placing monetary values on these improve¬ 

ments. This information would be needed in a benefit-cost analysis of 

alternate dredging operations. 

We have used the same basic approach for analysis of each bene¬ 

ficial water use, which involves following a change in water quality 

through a sequence of interrelationships to arrive at an estimate of the 

annual benefits. We have then developed a different proposed methodology 

for each of the important beneficial uses of the water resource in order 

to accommodate the specific technological, economic, social and aesthetic 

aspects of each use. 

Assuming the water quality improvements can be identified, we have 

found that some of the benefits can be evaluated In monetary terms, if 

one is willing to accept some imprecise estimates. Other benefits cannot 

be estimated with any useful precision at this time because the inter¬ 

relationships Involved are not understood well enough. 



TABLE OF CONTENTS 

Page 

INTRODUCTION . , 

SYSTEMS APPROACH.   10 

MUNICIPAL WATER SUPPLY. ,1* 

INDUSTRIAL WATER SUPPLY .   43 

RECREATION. 52 

COMMERCIAL FISHERIES . 67 

AESTHETIC RESPONSES AND VALUES . 72 

CONCLUSIONS AND RECOMMENDATIONS . 8? 

APPENDIX A. 9, 

BIBLIOGRAPHY. n2 



INTRODUCTION 

Objective 

The purpose of this study is to determine the feasibility of 

evaluating the economic benefits which might accrue from improvements in 

the quality of water in the Great Lakes. The motivation for the evalua¬ 

tion of benefits in this case stems from the desirability of a benefit- 

cost analysis of alternate dredging operations by the U.S. Army Corps of 

Engineers. Nevertheless, the methodologies developed herein should be 

applicable to water quality improvements resulting from other pollution 

abatement practices as well. 

Background 

The Corps of Engineers is charged with responsibility for main¬ 

taining the navigability of the Nation's harbors and inland waterways. 

Dredging is required for the construction and for the maintenance of 

harbors and channels. There are now 108 channel and harbor projects on 

the Great Lakes which the Corps of Engineers maintahis. About 50 of 

these require dredging annually and most of the rest require dredging 

every few years. Approximately 10,000,000 cubic yards of material are 

removed from these harbors and channels in the Great Lakes annually. 

Usual practice has been to barge these materials out to designated disposal 

areas off-shore, selected to minimize effects on beaches and water intakes. 

Predominantly the material which must be removed from river-mouth 

harbors Is sediment carried by the flooded streams or littoral drift of 

sand along the shore. In some cases, however, the waters of the rivers 

and harbors have been polluted by sewage and industrial wastes. This is 
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particularly true of the larger commercial harbors. Thesedlment which 

must be dredged to maintain, the harbor is then polluted also. During the 

past three ^years' the Corps of Engineers has been criticized for disposal 

of this polluted material in the open waters of ttvT Great Lakes. Even 

though the dredging operat^on^does^hot contribute polluting material, 

but simply movestt-fionTone location to another, it is claimed that an 

addjj>onal area of poPution is created. 

The Federal Water RnPution Control Administration of the Depart¬ 

ment of the Interior is responsible for pollution abatement enforcement 

and in connection with this activity has held conferences on the pollution 

of the Great Lakes. These conferences, particularly those concerned with 

pollution of the southern part of Lake Michigan, have attracted wide 

public attention. A pressing program for pollution abatement has been 

adopted which will require extensive expenditures by industries and 

municipalities. Executive Order No. 11288 issued by the President on 

2 July 1966 di-ected the Heads of Federal Departments to provide leader¬ 

ship in the nationwide effort to improve water quality through prevention, 

control and abatement of water pollution from Federal Government activities. 

Accordingly, the Corps of Engineers has been seeking alternatives 

to the disposal of dredged spoil in the open waters of the Great Lakes. 

Alternati ves include disposal in diked areas along the shore, transport 

for inland disposal on land, and treatment to reduce objectionable effects 

of open water disposal. 

The Chief of Engineers approved on February 3» 1967 establishment 

of a Pilot Project to develop the most economical methods for management 

of the pollution problem that may result from dredging operations on the 

Great Lakes. Under direction of the Buffalo District, alternative 



techniques for disposal of spoil are being studied at seven sites. The 

Lake Survey District and the FWPCA laboratories are participating in 

collection and analysis of samples. The Corps has engaged a Board of 

Consultants to advise and guide in the study. The objective of the 

project is to assess the effect of various alternatives on the quality of 

the water and shore and evaluate the economics of each alternative. 

The accepted basis for economic evaluation of water resources 

projects, which has been used so extensively by the Corps of Engineers, 

is the benefit-cost ratio. Federal policy, as outlined in Senate Docu¬ 

ment 97, provides that water resources planning should be formulated to 

provide the maximum net benefit from each project provided the project 

has a benefit-cost ratio which exceeds unity. Benefit-cost analyses 

have not generally been attempted for water pollution abatement projects 

heretofore. The Bureau of the Budget has requested such an analysis to 

evaluate a request for appropriation of additional funds for the 

increased cost of dredging operations that might eliminate their 

alledged adverse effects on water quality. 

The Corps of Engineers has the experience and the information to 

make estimates of the cost of various alternative dredging and spoil 

disposal techniques. The Corps is also evaluating the benefits which 

might accrue from alternative methods of spoil disposal, including the 

value of made-land and the value of by-products which might be recoverable. 

The evaluation of benefits which accrue from improvements in water quality 

has not been accomplished before and it is not known whether the evalua¬ 

tion of such benefits is feasible. The objective of this study has been 

to determine the feasibility of evaluating the economic benefits which 

might accrue from water quality improvements associated with the dredging 



operation. 

4' 

Benefit Evaluation 

The study reported here is considered the first phase of a possible 

two-phase program to evaluate the economic benefits of water quality 

improvements. Phase I is the feasibility study while Phase II will be 

the definitive evaluation of economic benefits, if feasible. The goal of 

Phase I is to determine for each beneficial use of water whether the 

benefit resulting from an improvement in water quality can be evaluate^ 

in monetary terms; if so, how; and if not, why. A methodology could 

hopefully be developed which could be used at any given dredging site to 

determine the dollar-value of the benefit involved. 

The plan was that the Feasibility Study should identify and desig¬ 

nate an array of water quality parameters or constituents which are con¬ 

sidered germane to each of the beneficial uses. A reasonable range of 

values which might conceivably result from various alternate methods of 

disposal would then be established. The feasibility of determining the 

monetary benefits which result from variations in these water quality 

parameters within the designated range would be studied and methods and 

procedures for determination of the benefits were to be developed where 

feasible. 

It was considered that the most appropriate course of investigation 

for the feasibility study would be (1) to Inventory the data pertaining 

to the problem available from various Federal, State and local agencies 

and private sources, (2) tq review the literature pertaining to water 

resources benefit evaluation as a means of establishing the state-of-the- 

art, (3) to organize free discussion by a team of qualified experts In 
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various pertinent disciplines in an effort to expose all the questions 

which must be answered in determining the benefits involved and (4) to 

work out methods for answering these questions. Within the limits of 

the time and staff available, this is what was done. 

This study considered the benefits which result from changes in 

certain water quality parameters at points of use; i.e., water intakes, 

beaches, marinas, etc. We have not attempted to evaluate the changes in 

water quality which result from the various alternative methods of dis¬ 

posal; that Is the responsibility of others associated with the Pilot 

Project. This feasibility study is based, therefore, on the assumption 

that the changes in water quality at points of use which result from 

changes In operations at the point of disposal can be predicted. It is 

clear that this assumption may not always be valid. Many of the changes 

may be so small or so uncertain that they cannot be distinguished from 

variations in water quality due to other factors. 

It is important to recognize, therefore, that determination of 

the effect of changes in dredged spoil disposal practices upon quality 

of water at some distant point-of-use is a very important first-step in 

the economic benefit evaluation. This determination, and its limitations, 

may be the major determining factor in the feasibility of the economic 

benefit evaluation. Its not being considered in this report is due to 

the fact that it has been considered to be beyond the scope of the study, 

not because it is unimportant. 

A second assumption, which simplifies in many ways the evaluation 

of benefits, is that the changes In water quality which result from new 

dredging practices will be small and will be by way of improvement. 

Hence, the conditions will not move so far from present conditions that 
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certain values which are measured under present conditions cannot be 

applied also to the new slightly improved condition. For example, it is 

assumed that the raw water will not be improved so greatly that municipal 

water treatment plants will no longer require filtration. 

Senate Document 97 proscribes the following standard for measure¬ 

ments of water quality control benefits: 

"The net contribution to public health, safety, economy, 
and effectiveness in use and enjoyment of water for all 
purposes which are subject to detriment or betterment by 
virtue of change in water quality. The net contribution 
may be evaluated in terms of avoidance of adverse effects 
which would accrue in the absence of water quality control, 
including such damages and restrictions as preclusion of 
economic activities, corrosion of fixed and floating 
plant, loss or downgrading of recreational opportunities, 
increased municipal and industrial water treatment costs, 
loss of industrial and agricultural production, impairment 
of health and welfare, damage to fish and wildlife, 
siltation, salinity intrusion, and degradation of the 
esthetics of enjoyment of unpolluted surface waters, or, 
conversely, in terms of the advantageous effects of water 
quality control with respect to such items. Effects such 
as these may be composited roughly into tangible and 
intangible categories, and used to evaluate water quality 
control activities. In situations where no adequate means 
can be devised to evaluate directly the economic effects 
of water quality improvement, the cost of achieving the 
same results by the most likely alternative may be used 
as an approximation of value." 

The last statement offers an enticing alternative means of benefit 

evaluation. If would certainly be easier to estimate the ;ost of con¬ 

struction and operation of a municipal waste treatment plant which would 

substitute for modified dredging operations In bringing about the desired 

water quality Improvements. This alternative was not selected for three 

reasons : 

a. No alternative means of water quality control could possibly 

produce "the same results." 

b. There is no assurance, If cost of an alternative were used 
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as an estimate of benefits, that either of the two methods of 

improving water quality have benefits in excess of the costs. 

This would only indicate which method has the lesser cost. 

C. An alternate method of preventing pollution by polluted dredged 

material is to prevent pollution of the harbor sediment in 

the first place. This is expected to occur due to more 

stringent enforcement of water pollution laws. Several years 

will be required to achieve this improvement, however. Because 

this alternative cannot be implemented immediately, it Is not 

comparable. 

Hence, the net contribution must be evaluated in terms of the 

advantageous effects of water quality improvements with respect to the 

various beneficial uses. The beneficial uses listed in Senate Document 

97 include municipal and industrial water supply, irrigation, water 

quality control, navigation, electric power, flood control, land stabili¬ 

zation, drainage, recreation, and fish and wildlife. It is our considered 

opinion that the only benefits of significance which would accrue from 

water quality improvements associated with dredging would accrue to 

municipal and industrial water treatment plants, to recreation activities, 

to commercial fishing, and to esthetic enjoyment. The remaining activities 

are not likely to be affected perceptibly by any water quality improvements 

associated with dredging practices. 

There are other economic factors which must be considered in the 

evaluation of benefits. The period of analysis is assumed to be 10 years. 

This period is the expected life of a diked landfill facility. It is also 

a period during which one might expect pollution abatement measures to 
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improve the conditions in the polluted harbors sufficiently to obviate 

the necessity of more expensive disposal techniques. The practice of 

open-water dumping could be reinstituted as the benefits would have 

dwindled. At any rate, re-evaluation of the benefit-cost ratio at 10-year 

intervals is reasonable and prudent. Interest rate used for discounting 

future benefits should be based on average rate of interest payable by 

the Federal Government on recently issued securities, as proscribed by 

Senate Document No. 97. Price levels should reflect the exchange values 

expected to prevail at the time the benefits accrue. 

Organization of Study 

The feasibility study reported here is the product of the following 

staff members at the University of Illinois: 

Project Director - Dr. Ben B. Ewing, Professor of Sanitary Engineering 
and Director, Water Resources Center 

Biology - Dr. Eugene B. Small, Asst. Prof, of Zoology 

Civil Engineering - Dr. John H. Austin, Assoc. P-of. of Sanitary 
Engineer!ng 

Dr. Richard I. Dick, Asst. Prof, of Sanitary 
Engineering 

Dr. Dale D. Meredith, Instructor in Civil 
Engineering 

Mr. Will B. Betchart, Research Assistant 

Mr. V. Kothar.iaraman, Research Assistant 

Economics - Dr. Hugh 0. Nourse, Assoc. Prof, of Economics 

Mr. Rich Lazarski, Research Assistant 

Psychology - Dr. Roy S. Malpass, Asst. Prof, of Psychology 

Recreation - Dr. E. H. Storey, Professor of Recreation 

Mr. Robert Aukerman, Research Assistant 

Mr. A1 Caskey, Research Assistant 



Secretary - Mrs. Cathryn Johnson 

Mrs. Virginia Lottos 

The project staff contributed in two ways. Each contributed within 

his own discipline on the literature review, in the regular discussion 

sessions and in the preparation of the report. In addition, each served 

as a critic of the others. Each of the fifteen discussion sessions was 

attended almost unanimously by the staff. 

We would like to acknowledge the consultation and advice provided 

by the following individuals who were contacted in the course of the 

study: 

Dr. A. M. Beeton, University of Wisconsin, Milwaukee 

Mr. J. C. Vaughn, City of Chicago Water Department 

Mr. H. L. Plowman, Gary-Hobart Water Corporation 

Mr. F. A. Underwood, City of Milwaukee Water Department 

Dr. David Chandler, University of Michigan, Ann Arbor 

Mr. R. W. Saalfeld, Great Lakes Fishery Commission 

This report is organized according to the various beneficial uses 

of water. Each section presents a short discussion of the effects of 

water quality on the subject benefit. This is followed by a methodology 

in outline form for the use of those who will apply the methodology to 

evaluation of this type benefit. The detailed discussion of the methodology 

follows immediately behind the outline, and the reader is cautioned that 

the detailed discussion is necessary to the understanding of the methodology. 
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SYSTEMS APPROACH 

The many beneficial uses of water in the Great Lakes represent an 

extremely complex system. It is a system comprised of many different 

uses even in a single subregion of a given lake. It is a system which 

involves many different water quality characteristics with a multitude 

of influences on those characteristics. Furthermore many of the uses 

are affected by a number of extraneous influences not related to water 

quality. Economic evaluation of the benefits accruing from an improve¬ 

ment in water quality can only be determined by use of a systematic 

ana lysis. 

Systems analysis is characterized by (1) being organized to 

take full advantage of a spectrum of resources, (2) being empirical 

to rely on extensive use of data, (3) being theoretical to make maxi¬ 

mum use of theories of all relevant sciences, and (4) being systematic 

to efficiently deal with complex interrelationships. There are five 

steps to a systems analysis of a water-resource system. They are: 

1. conceptually identify the system under examination, identify¬ 

ing and describing the boundaries of the system with as much detail as 

is available; 

2. describe the elements of the system and delineate to the 

fullest extent possible their Interrelationships and Interactions; 

3. define the system objectives and establish the criteria for 

optimum performance of the system In achieving the objectives; 

4. develop alternative approaches for achieving system objectives 

( and evaluate them In terms of criteria established In step 3; and 
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5. present the alternatives for achieving the system objectives 

to the decision makers who then select the best course of action. 

One technique for evaluating an approach is to develop a mathe¬ 

matical model of the system identified in step 1 which incorporates the 

interrelationships and interactions of step 2 and the constraints im¬ 

posed in step 3 and which can be solved to determine the results of the 

approach. In order to apply this technique, the interrelations and 

interactions for each water quality characteristic for each use must be 

determined for each area of each lake that is affected by dredging opera¬ 

tions . 

A mathematical model is presented in the appendix which can be 

solved to determine the benefits for a change in water quality when the 

level of water quality before and after improvement is known. Use of 

the model requires an understanding of the interrelationships and Inter¬ 

actions of each water quality characteristic for each use in each area 

of each lake affected by dredging operations. 

The model is applicable to all water uses. The methodologies 

presented in this report are intended to provide a means of obtaining 

the interrelationships and interactions necessary for applying the 

model to particular water uses. For Instance, the relationship between 

chemical dose and raw water quality or the relationship between recrea¬ 

tion use and water quality, or the relationship between the value of 

commercially valuable fish and the fish species population are examples 

of the interrelationships which the methodologies seek to define. 

Block diagrams for the methodologies are presented In Figure 1. 

In each case the horizontal pathway represents the Interrelationships 

which the methodology must define in order to evaluate the benefit of 
O 



water quality improvements. Changes in water quality are reflected by a 

sequence of changes across this horizontal pathway. The external factors 

which are considered essentially independent of water quality changes are 

shown as vertical inputs. In the case of water supply and recreation, 

the methodology outlined in this report begins with water quality changes 

at point of use. In the case of commercial fishery, the methodology be¬ 

gins with fish species population. In the case of aesthetic benefits, 

the dotted lines represent that portion of the evaluation which is not 
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MUNICIPAL f, INDUSTRIAL WATER SUPPLY 

RECREATION 

FIGURE I. SLOCK DIAGRAM OF BENEFIT EVALUATION METHODOLOGIES 
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MUNICIPAL WATER SUPPLY 

Effects of duality 

For many years the primary concern of municipal water supply systems 

was procuring and supplying sufficient quantities of water. In recent 

times, however, higher standards of living have led to greater concern for 

the quality of the water supplied. Although the early consideration for 

quality was primarily in regard to preventing the transmission of communi¬ 

cable diseases, technological improvements, continuing degradation of 

supplies, and society's growing affluence have led to present concern for 

virtually every physical, chemical, and biological aspect of the water 

supplied. 

The quality of a finished municipal water can affect the benefit 

derived from its use in two ways. First, the amount of benefit to be 

derived from the use of water changes as water quality changes and second, 

the quantity of a water of different quality which is used is also differ¬ 

ent. If there were no expense involved in increasing the quality of the 

finished water, both the benefit of its use and the amount used would 

increase as the quality improved. 

Unfortunately, however, expense is incurred in improving municipal 

finished water quality and the expense occurs In one of two ways; the use 

of treatment facilities to adjust the quality of water or steps taken to 

protect or improve the quality of the water supply source. Logically, the 

more a municipality relies on one of these means, the less money it needs 

to spend on the other. 
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Idea 1 ly man would be capable of rationally analyzing the effects 

and interrelationships of these four types of benefits and costs, but 

at the present time he has not succeeded. This section is concerned with 

the interrelationships of, or the trade-offs between, beneficial use and 

municipal water treatment costs on one hand and a particular type of 

source improvement on the other. The source improvement in question ie 

the modification of disposal techniques in the Corps of Engineers' 

dredging operations. In this discussion it is assumed that small but 

significant improvements in the water quality at the treatment plant 

intake will prove to be detectable. The assumption is necessary since 

the Corps of Engineers has undertaken that part of the analysis. The 

objective is to arrive at a feasible methodology for accurately assessing 

the benefits which accrue from the plant intake on, that is the savings 

in treatment costs and the increased benefits to the users. 

Methodology 

A. Assume finished water quality is the same before and after 

improvement in the raw water quality. 

B. Identify each municipal treatment plant which uses lake water 

from the affected area. Determine what treatment processes they use and 

what factors control the operation of those processes. Choose one of 

these plants for completion of the following steps. 

C. Correlate doses of each chemical with changes in selected 

raw water quality variables in the plant being considered. 

D. Assume capital costs are unaffected and that elements of the 

operating costs are fixed, that is, that changes in costs of treatment 

are completely reflected in chemical and associated costs. Determine 
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the magnitude of the associated chemical costs In the plant being con- 

sI dered. 

E. Determine the probability that each possible combination of 

unimproved values of the raw water quality variables used in the corre¬ 

lations with chemical doses will occur during the affected season of the 

year. 

F. Determine the improvement which is predicted to be realized 

in each of the above water quality variables from a specific change in 

the dredging disposal practices. 

G. Select one of the combinations of raw water quality variables 

from step E. 

H. Determine the improved level of concentration of each of the 

raw water quality variables in the combination by subtracting its change 

as determined in step F from its original value. 

I. For each chemical, determine the change in dose by taking the 

di iference between the doses for the improved and unimproved raw water 

quality levels. Each of these doses should be determined from the 

correlations derived in step C. 

J. Determine the benefits per unit volume of water treated for this 

selected raw water by multiplying the adjusted cost of the chemical per 

pound by the change In dose times the probability of occurrence and summing 

th s product over all the chemicals. 
% 

K. Repeat steps G through J for each combination of unimproved 

values of raw water quality variables which has a finite probability of 

occurrence during the affected time period. 

L. The total annual benefits at this plant are then equal to the ( 



volume of water treated during the affected time of the year times the 

sum of the benefits per unit volume for each of the probable combinations 

of raw water quality variables. 

M. Repeat steps C through L for each plant in the affected area. 

N. To determine the total annual benefits of this change in 

dredging practices in the affected area, sum the values of annual benefits 

found for each plant. 

O. Repeat process for other changes in dredging disposal practices 

provided that the water quality improvements due to these changes in 

practice are known. 

Discussion of Methodology 

In studying benefits from increased raw water quality one must 

consider both the two means in which benefits from use of treated water 

occur and cost of treating the raw water. Techniques for the evaluation 

or prediction of the benefits of water use are lacking and the prospect 

for their development in the near future is dim. Man has, as an alternative, 

resorted to educated guesses and rules-of-thumb which have subsequently 

resulted in standards of treated water quality. Since the standards 

demand such low levels of impurities in finished municipal water that 

they are, in many cases, scarcely detectable, it was assumed that the 

quality of the finished water would be the same before and after the 

improvement in the quality of the raw water. This assumption is supported 

by Koenig who states that for most municipal water treatment plants that 

12 he studied 
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"finishecj water quality standards are so strict and the 
performance with respect to them is so uniformly high 
that injthe parameters of interest there is very little 
variation from plant to plant or from month to month in 
their values in finished water. For components which 
are expected to be removed by the treatment process, 
that is for'turbidity, for color, for taste and odor, 
and for coliform organisms, the amounts remaining in 
the finished water are extremely low and, in any case, 
the intended goals in these measurements are extremely 
low ... they are all close to zero that statistically 
the value of the raw water parameter cannot be distin¬ 
guished from the change in parameter on treatment." 

In summary, the three types of benefits that can be realized from 

raw water quality improvement are 

(1) that due to the change in benefit per unit of use which can be 

totaled by multiplying the change in benefit per unit of use 

(Aß) by the amount used (N), or (aB) (N), 

(2) that due to the change in amount of use which can be approxi¬ 

mated by multiplying the old benefit per unit of use (6) minus 

the old cost of treatment per unit of use (C) plus the change in 

benefit per unit of use (aB) by the change in volume of use (AN), 

(B - C + AB)(AN), and 

(3) that due to the change in the unit cost of treatment which can 

be represented by AC(N + aN) where AC is the change in the 

unit cost of treatment. 

In assuming that the finished water quality will be the same before 

and after the raw water quality improvement, we are elmlnattng the eval¬ 

uation of the first two types of benefits; that is, AB ■ AN “ 0. 

The next step in the evaluation of benefits from improved raw 

water quality used for municipal purposes would be to identify each 

municipality which withdraws water from the area in '-.hlch the water 
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quality will improve. This step is necessary to ¿v/oid the obvious waste 

of effort which would be involved from completing the following steps for 

plants at which no benefit would be felt. 

It is now necessary to determine the relationship of the costs of 

treatment to raw water quality at each of the plants identified above. 

Since the change in dredging practices should result in higher quality 

raw water it is proposed to assume that the change will not result in a 

different level of capital costs for municipal water treatment nor in 

a different level of fixed operating costs (e.g., secretaries, lights, 

administration, etc.). These costs should already be fixed by the design 

of the treatment plant and should not depend on raw water quality. A 

possible case in which capital cost would be affected by a change in raw 

water quality is in the design of a new water treatment plant or in the 

design of an addition to or remodeling of an old plant. A treatment 

plant must be designed to handle the worst raw water conditions which 

will occur. Since these conditions will usually result from the violence 

of a storm (runoff or turbulence) or from a slug of especially bad pollu¬ 

tion, the changes in raw water quality due to different dredging disposal 

practices are not likely to permit a relaxation in design criteria. Also 

the Corps is considering the dredgings disposal project to have a life of 

only ten years and intends to reevaluate the whole situation at that time. 

This very short period adds support to the assumption of static capital 

costs. Changes in technology and required capital investment could be 

accurately evaluated at that time for inclusion in the next period of 

analysis, an opportunity not often encountered in water resources planning. 

There is a further portion of the costs of operating a water treat¬ 

ment plant that should be independent of the raw water quality. Pumping 
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cost, with the exception of that needed for wash water, many maintenance 

costs and a large portion of the labor costs will be proportional to the 

amount of water which is treated, and their value per unit volume treated 

will be unchanged. Since we have assumed that the volume of water treated 

will not change due to a change in raw water quality these costs can also 

be ignored in our study. 

The remaining costs of treatment, which are dependent on raw water 

quality to some degree, may be divided into two categories. The first is 

the cost of the chemicals used in treatment and the second is the costs 

that can be associated with the use of chemicals. 

The "associated chemical costs" would include such expenses as 

labor for handling and feeding chemicals, interest on the value of the 

necessary inventory, maintenance of the chemical feeding machinery and 

power for operation of the feeding and mixing equipment. For the purpose 

of this analysis wash water used in backwashing filters and in cleaning 

sedimentation basins will be defined as a chemical and thus its costs 

can be easily incorporated into the analysis. 

Thus the next step in the proposed methodology is to determine the 

cost per pound of each chemical for each treatment plant. The determina¬ 

tion of unit chemical costs is relatively straightforward, but the neces¬ 

sity to determine these figures for each plant must be emphasized. There 

will be a considerable variation in the unit prices paid for chemicals 

between plants, especially between large and small plants, and it will 

therefore be necessary to develop considerable experience with the figures 

before Judgment can be incorporated to reduce the magnitude of the task. 

Next a relationship between the required dose of each chemical and 

the quality of the raw water must be developed. The correlation of 
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chemical dose with raw water quality is perhaps the most crucial step in 

the entire analysis of the benefits of improved raw water quality to 

municipal water supply. 

In a comprehensive article dealing with the cost of water treatment, 

12 
Louis Koenig described the results of a "cost engineering audit" made on 

thirty water treatment plants in I965. He studied which elements, dif¬ 

ferentiable from the available plant data, make up the cost of water 

treatment, the relative magnitude of their respective contributions, and 

the distribution of these statistics among the different plants. His 

study was limited to plants employing coagulation, sedimentation and 

rapid sand filtration of two principal size ranges, namely 0.3-0.5 million 

gallons per day (approximately the median size of plant in the U.S.) and 

6-13 million gallons per day (approximately the size of the plant from 

which the median gallon of water in the U.S. would come). Among the 

variables which Koenig has considered are the fraction of plant capacity 

used, capital costs, manpower costs, energy, chemical cost, maintenance 

and replacement costs, treating costs, and miscellaneous costs. The 

greatest contributions to treatment costs (excluding costs of raw water 

and of distribution of treated water) were capital costs, manpower costs, 

and energy costs. These three elements were responsible for 85 to 90 

percent of the treatment cost, while chemicals were generally responsible 

for only 5 to 10 percent of the total treatment cost. Typical total costs 

of treatment ranged from five to twenty-five cents per thousand gallons. 

No correlation between raw water quality and treatment costs was derived. 

27 
Young, Popowchak and Burk correlated yearly chemical costs for 

fourteen plants with average values of various raw water quality parameters. 
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Both simple linear regression (one raw water quality variable) and multiple 

linear regression (several raw water quality variables) analyses were com¬ 

pleted. Although reasonably good correlations were achieved, the sample 

size was small, the quality data consisted of only yearly averages, and 

the trends noted depended on rather wide ranges of variation in values of 

the water quality variables. It was tnought that a more precise method 

would be needed to consider the smaller ranges of quality variation found 

in the Great Lakes. 

Another significant attempt to associate improvements in raw water 

quality with savings in municipal water treatment is a recent study by 

Frankel"*’ . As a part of his study concerning the economics of providing 

municipal waste treatment he found linear correlations between biochemical 

oxygen demand (BOD) and chlorine demand, between BOD and coagulant demand 

and between detergent concentration and activated carbon requirements in 

effluents from secondary treatment plants. However, since the concentra¬ 

tion of BOD is infrequently measured in most raw waters and the differences 

between concentrations in secondary effluents and the Great Lakes would be 

large, it was doubted that these correlations would prove to be useful in 

the present problem. 

2 
Baxter in 1964 found no clear relationship between chemical costs 

and some standard indices of pollution Including turbidity and coliform 

densities. 

The one area of water treatment in which significant work has 

been completed relating treatment costs to variables of raw water quality 

9 18 
is that of softening ’ . The applicability of this work to the present 

problem is limited, however. Because of the moderate levels of hardness 
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in the great Lakes, few municipal plants conduct softening operations. 

In the above articles some allusions were made to research which 

12 
might still be in progress. Koenig stated that the FWPCA was currently 

conducting a study of the effect of raw water quality on cost in a single 

2 
treatment plant. Baxter mentioned that the Delaware River Basin Commis¬ 

sion was in the process of authorizing a similar study. Volume II of the 

Water Resources Research Catalog (Office of Water Resources Research, 1966), 

U.S. Department of the Interior lists a project of this type sponsored by 

the City of Philadelphia. Inquiries concerning these projects have been 

made, but time has not permitted additional efforts to obtain their results. 

From this brief survey of the current state-of-the-art, the only 

possible conclusion was that a feasible methodology, if one exists, would 

have to include engineering studies to determine whether a significant 

correlation between the costs of water treatment and the quality of the 

raw water exists. Although Young et al. and Frankel have had limited 

success there is no indication in the literature that a detailed study has 

been completed. 

In order to obtain relationships between raw water quality and 

chemical doses it is necessary to make simplifications which render the 

procedure manageable. The following assumptions are noted: 

1. The quality of the treated water remains the same after the 

improvement in raw water quality. 

2. The effect of the change in raw water qaulity in one plant is 

being considered. 

3. The effect of the change in raw water quality on the required 



-24- 

If onxy one raw water quality parameter were changed by the new 

method of disposal of dredgings it should be possible to develop the curve 

shown in Figure 2. This curve shows the dose of the one chemical we are 

studying that would be required at any level of the one raw water quality 

parameter (LK^) which has been changed. All other raw water quality 

variables are assumed to remain constant. The change in dose (Ad) can be 

easily computed by taking the difference between the dose required at the 

current level and the level which will exist after the improvement of raw 

water quality. 

Now, however, suppose that two raw water quality variables are 

changed. This makes it necessary to develop a family of curves such as 

the group shown in Figure 3. These curves show the dose of the one 

chemical which we are studying which would be required at any level of 

the first raw water quality variable when the second has various constant 

values (Pj, P^, ... Pç). All other raw water quality variables (Llj^) 

are assumed to remain constant. 

If we now assume that a third raw water quality variable were 

changed by the different means of dredging disposal it would be necessary 

to develop a set of curves like Figure 3 for each of several (assume 5) 

values of the third water quality variable (Llj^). In this case the 

change in chemical dose would be computed by finding the current dose from 

the graph for the current value of the third water quality variable (Llj^) 

and finding the dose required under improved conditions from the graph for 

the new value of the third water quality variable. The change in dose 

would be determined by taking the difference between the two values. 

A fourth water quality variable which was changed would require us 

to develop a set of five graphs like Figure 3 (one for each of five values 
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of the fourth water quality variable (LK^) for each of the five graphs 

for values of the third water quality variable (IK^). The problem is 

growing quite rapidly. If it is assumed that five values of a raw water 

quality variable were used to define its effect on chemical dose, and if 

n raw water quality variables were changed it would be necessary to 

develop ^ graphs like Figure 3 with a total of 5^ curves. And 

this is just to determine the effect on the dose of one chemical. Since 

the requirements of this method of analysis become so great, we must try 

to select a limited number of water quality variables with which to 

describe the effect of raw water quality on chemical doses. 

To assess the effect of water quality changes in the Great Lakes 

it is necessary to compare present levels of various constituents of the 

Great Lakes waters with standards which have been promulgated for drinking 

waters. Table I is a compilation of some standards which have been applied 

to drinking water. It should not be considered as a complete compilation. 

Tables II, III, and IV show some Great Lakes water quality data and indi¬ 

cate the general range of values to be expected. 

On the basis of these tables it was felt that the following variables 

would deserve first attention in the proposed evaluation: 

1. chlorine demand 5* hardness, total 

2. turbidity 6. hardness, noncarbonate 

3. algae ?• extractable organic matter 

4. coliform organisms 

With the probable exception of coliform organisms, all of these 

variable would be expected to influence the required dose of one or more 

chemicals. 

The following table shows the water treatment chemicals which have 
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cation no. b63, Vo I. | and 4, (1963 revised edition). 
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Personal communication. Detroit, Michigan (April 1968). 

e) Beeton, A. M. Changes in the Environment and Biota of the Great Lakes. 
Contribution No. 7, Center for Great Lakes Studies, University of 
Wisconsin, Milwaukee, Wis. (1968). 



been selected as the important ones and the raw water quality variables 

which might be correlated with each. 

Chemical Dose Raw Water duality Variable 

chlorine demand chlorine 

coagulant turbidity & total algae 

activated carbon extractable organic matter 
(or TON)(or phenols) 

wash water turbidity & total plankton 

1 ime total hardness 

soda ash noncarbonate hardness 

A large expenditure of effort will be necessary to determine if the 

desired correlations exist. However, it is felt that sufficient raw water 

data exists in any of the large treatment plants of the Great Lakes so 

that this study could proceed. In fact, all of the raw water quality 

variables suggested here have been measured weekly for practically ten 

years by various Great Lakes water treatment plants in conjunction with 

the U.S. Public Health Service National Water Quality Network. The citic’ 

include Buffalo, Detroit, Gary, Milwaukee, Duluth, Port Huron, and Saulte 

Ste. Marie. It is expected that the large treatment plants might measure 

these and other raw water quality variables even more frequently than this 

and thus provide a large amount of data with which to work. It is quite 

likely that if relationships were developed In a few plants they might 

form patterns in a region or might be used for generalization over a wide 

area. However, it must be emphasized that because of the magnitude of the 

interdependencies, the study should begin in individual plants. 

The use of a small number of raw water quality variables for corre¬ 

lation with the required dose of a chemical necessarily assumes that the 
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dose is independent of all other raw water quality variables. It assumes 

that each chemical is always responsible for accomplishing the same frac¬ 

tion of the removal of its variables in relation to the fraction removed 

by other chemicals and other unit operations at any specific level of the 

chemical's raw water quality variables. 

A situation more representative of the actual workings of a treat¬ 

ment plant would be to use, instead of the raw water concentration of the 

particular variable(s), the concentration of the variable(s) immediately 

before the unit operation in which the chemical is employed. Examples of 

this would be correlation of wash water use with turbidity and total 

plankton concentration as the water being processed entered the filters. 

Unfortunately these data are not available and changes in their values 

would be hard to predict from change in dredging practice if they were. 

Another assumption which is implicit in the development of the 

above relationships is that the plant is operating at a constant capacity. 

If the rate of production were to be changed, a significant shift in the 

required dose at any raw water quality level might occur. For example, 

if the rate of treatment were increased, water would have less time in 

the settling basin and this could result in a higher dependence on the 

filters to remove suspended material. This in turn might cause a signifi¬ 

cant increase in the wash water required at a particular raw water quality 

level. 

There is one alternative to the detailed study of chemical doses 

versus raw water quality which deserves mention. If a water treatment 

plant were controlled by a set of operating rules which stated that for 

certain levels of raw water quality, the operator should add so much of 
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certain chemicals, the development of correlations would be unnecessary. 

They would in fact be replaced by the operating rules. However, It is 

thought that the existence of firm enough rules to provide a continuous 

indication of the effect of raw water quality is rare, and statistical 

analysis will be necessary. 

The next step in the municipal water supply methodology is to 

determine, for each plant identified above, the costs of treatment which 

can be associated with the amount of chemicals used per unit volume of 

water treated. The determination of this association in each plant is 

especially important when considering plants of different sizes since the 

magnitude of the associated costs is likely to vary considerably. After 

developing considerable experience with plants of various sizes, it Is 

anticipated that more judgment will be utilized especially in studying 

"associated chemical costs" in small plants. 

The incorporation of the "associated chemical costs" into the 

analysis will probably be most easily accomplished in one of the following 

ways. If the associated chemical costs are found to be constant amounts 

per pound for each chemical added, their change with a change in water 

quality will be easily considered by adding the associated chemical cost 

per pound (A^to the unit purchase price of each chemical (Cj) and 

multiplying each of these sums by their respective changes in chemical 

doses (Ad). In symbolic notation this operation would be expressed by 

the formula: 

AC « ADÍC, + A,) 

The "associated chemical cost" per pound could In this case be different 

for each chemical or it could be nearly the same for all chemicals. It 
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¡s thought that the latter case might be likely, and this could lead to 

considerable simplification. 

Another way in which associated chemical costs might be incorporated 

'5 lf they are found to be a constant fraction of the purchase price for 

each chemical. In this case, the change in cost due to one chemical will 

be computed by determining the product of the change in dose (Ad), the 

unit purchase price (C,) and one plus the term (A,) presenting the associated 

chemical costs per dollar spent on the chemical. Symbolically this opera¬ 

tion would be expressed by the following formula: 

AC = 40(0,)(1 + A2) 

The "associated chemical cost" per dollar of chemical cost (A.,) could in 

this case be different for each chemical or it could be nearly the same 

for all chemicals. It is thought to be more likely that it would be 

different. 

It is also possible that one of the above procedures would be found 

to work well for some of the chemicals while the other procedure would be 

found to give more accurate results for other chemicals. If this situa¬ 

tion presents itself, the applicable method should be used for each chemi¬ 

cal. The total change in the unit cost of water treatment would still be 

easily obtainable by summing the contributions of all the respective 

chemicals. 

The last and most complicated method could incorporate both of the 

first two procedures in computing the savings in cost for one chemical. 

It might be found that the contribution to the change In the unit cost of 

water treatment by each chemical was accurately represented by a formula 

such as the following: 

AC - aD[(C,)(1 + Aj) + A,] 
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Th'is formula simplifies to each of the above methods when the appropriate 

conditions exist. If difficulty is encountered in determining the associ¬ 

ated costs, the change in chemical costs could be used as a minimum esti¬ 

mate of the benefits of an improvement in raw water quality. 

Now that the means are available to compute the effects of changes 

in quality on costs, the remainder of the procedure becomes more straight¬ 

forward. It is necessary, however, since the changes in chemical doses 

may in many cases be nonlinear, to allow for the variability which will 

occur in raw water quality. To do this, for each possible combination 

of values of raw water quality variables, the probability that that 

variable will occur during the affected period must be determined. It 

is visualized that the process which would be used in this determination 

would utilize only data from the past few years since water quality is 

changing due to other causes. Thus one would take a specific combination 

of values of the raw water quality variable being used and determine the 

number of times this specific raw water quality occurred in, for example, 

the last four years. The probability that the same combination of values 

would occur in the future would then be assumed to equal the number of 

times it had occurred during the affected season of the years being used 

divided by the total number of times that analyses had been made during 

these time periods. 

It is then necessary to determine the improved level of water 

quality. The Corps is conducting, in another part of the Pilot Program, 

a study of what effect various changes in dredging practices will have on 

raw water quality at municipal intakes. They are hopeful of being able 

to determine, for each alternate dredging disposal method, the improvement 

which will occur in each important raw water quality variable. 
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We now select one of the specific combinations of values of the 

raw water quality variables and use the above determined Improvements to 

Obtain the new level of each raw water quality variable. The process 

should require only subtracting the changes from the unimproved values. 

The correlations of chemical doses with raw water quality which 

were developed earlier are now utlllted to determine the doses of each 

chemical required under both the unimproved and Improved conditions. 

The change in each chemical dose is easily found by taking the differences 

between their two doses. 

The benefits per unit volume of water treated for the selected 

unimproved raw water quality which has a probability of occurrence (P) 

equal the summation over all chem cals of the following expression: 

«[0,(1 + A2) + A, ]P 

The above procedure Is repeated for each combination of raw water quality 

variables which has a finite probability of existence under unimproved 

conditions. By summing the benefits per unit of water treated for all 

the probable levels of unimproved raw water quality and multiplying by 

the volume of water (N) which is treated by this on. plan, during the 

affected time of the year, w. are able to obtain the total annual benefit 

to the plant. 

The entire process now needs to be repeated for each plant which is 

located in the affected area. Thus the total benefits which accrue to 

municipal water supply in on. year (TAB) In the are. affected by a certain 

change in dredging disposal practices would be expressed by the following 

formula: 

TAB - £ N £ 

plants unimproved 
conditions 

E ^[C, (1 + A2) + Aj]P 

chemicals • 

‘"‘‘Trnrmimmiiiii—iiíi «aag. 
« 
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The methodology, once the various costs versus quality relationships 

were developed, could be easily repeated for any other change in dredging 

disposal practices which it was desired to evaluate. It is visualized 

that any anticipated change in water use due to population increase or 

increased per capita use of water could be applied to the annual benefit 

figure computed above without considerable error, especially since the 

period of analysis is only ten years. 

Conclusion on Feasibility 

The above methodology is quite detailed and completion would 

require large expenditures of time and money. It is anticipated, however, 

that once detailed analysis was under way, methods of considerable short¬ 

cut might develop. It is necessary, however, to obtain a vast increase in 

our present knowledge of the interrelationships of treatment costs and raw 

water quality before any assumptions can be justified. Until those 

advances are realized it is very necessary to make our analyses as specific 

as possible so that relationships of importance are not distorted by the 

fluctuations of variables which have been ignored. 

It is again noted that the applicability of the above procedure 

to the present problem of evaluating water quality improvement benefits 

accruing to municipal water supply from changes in the methods of disposal 

of dredged materials is dependent on the following: 

1. the success In finding improvements in raw water quality 

resulting from dredging operations and specifying the 

time and length of their occurrence. 

2. completion of successful engineering studies correlating 

changes in chemical doses with the values of various raw 
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( water quality variables and sufficient independence of 

these relationships from other variables in raw water 

quality. 

3. the development of estimates of the costs of water treatment 

which are associated with the amounts of chemicals added. 

4. the assumption that finished water quality will remain 

unchanged. 

5. the assumption that chemical costs and costs which can be 

associated with them adequately reflect the benefit of 

improvement to the municipal treatment plant. 

( 
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( < 
INDUSTRIAL WATER SUPPLY 

Effect of Water QuaMtv 

As with municipal water supply, increasing concern has developed 

recently for the quality of industrial water as well as for the quantity 

available. Industrial water supply is also comparable to municipal water 

supply in that benefits of improved raw water quality would accrue in the 

same three ways, that is by increased benefit per unit of use, by increased 

use, and by decreased cost of treatment. Techniques of evaluating these 

benefits also appear to be relatively scarce. 

There are, however, some very distinct differences between indus¬ 

trial supplies and municipal supplies. Perhaps the most important is 

that industrial waters are used in three principal ways; as cooling water, 

as process water, and as boiler feed water. To present some concept of the 

relative importance of these uses the Interim Report of the National 

Technical Advisory Committee on Water Quality Criteria8 indicates that in 

1964, United States industry used 121 billion gallons per day for cooling, 

10.1 billion gallons per day for processes and 2.6 billion gallons per day 

for boiler feed. These figures include that portion of industrial water 

purchased from municipal supplies. A total of approximately 24 billion 

gallons per day would be withdrawn for municipal purposes. Thus it is 

seen that each use is quite significant. 

a 
Interim Report, National Technical Advisory Committee to the Federal 

Water Pollution Control Administration on Water Quality Criteria, 
U.S. Department of the Interior (1967), p. 8. 
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Quality considerations vary, of course, for each of the above indus¬ 

trial uses. Since the quality requirements are greatest for the small 

volume used for boiler feed, and least for the great volume used for cooling, 

each use might realize significant benefits. Thus, it is unlikely that any 

can be ignored in the evaluation. 

Points which are most frequently made in discussions of water quality 

requirements are that a successful treatment process can be established for 

raw water of virtually any quality to satisfy the needs of any production 

requirements. Once this process has been established, raw water degrada¬ 

tion can result in significiant increases in treatment cost. Subsequent 

raw water quality improvement, on the other hand, provides a much less 

significant decrease in costs of treatment because part of the investment 

cannot be recovered. Most important, however, is the avoidance of marked 

variability in raw water quality which might require constant adjustment 

of treatment processes. 

It was concluded that reductions in treatment costs were the only 

possibly feasible means of evaluating benefits from water quality improve¬ 

ments. A literature review was therefore undertaken and emphasis on eco¬ 

nomics of hardness removal was again found. 

There wefe, however, publications which discussed additional param¬ 

eters in considering industrial quality. Eliassen and Rowland** found that 

economic benefits to industry from improved water in the Contra Costa Canal 

would be equivalent to $0,281 per mg/¿ reduction of chloride ion per ion 

per acre foot of water used. The found benefits would accrue until the 

chloride concentration was reduced to 100 mg/¿. Rambow'^ converted this 

figure to a benefit of 4.2 cents per mg/¿ of dissolved solids reduction 

per acre foot of use, but did not set a lower limit to the existence of 

the benefit. 
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In a study by the Stanford Research Institute for the State of 
-,., . 20 . 

i orma it was found that when comparing Colorado River water with a 

northern California source a benefit of 3.6 cents per mg/¿ of dissolved 

solids reduction per acre foot used would result from employing the 

California source. Rambow averaged these two results and advocated use 

of a value of 4 cents per mg/¿ of dissolved solids reduction after review¬ 

ing other earlier studies. He also found basis for use of a figure of 

2.2 cents per mg/¿ of hardness reduction for both municipal and industrial 

sources. Unfortunately (or fortunately) neither dissolved solids nor 

hardness concentrations are high enough in the Great Lakes to make use of 

these figures. Rambow also warned that they were based on very limited 

data. 

Thus the situation for evaluation of industrial water supply 

benefits is very much the sane as that for municipal water supply. Again 

a feasible methodology, if one exists, would have to include investigation 

to determine correlations between costs of water treatment and raw water 

quality. It was again felt that capital costs were likely to be unaffected 

and that changes in treatment costs would be most successfully determined 

by correlation of chemical doses with the levels of certain raw water 

quality variables. In this case, however, the three different goals of 

water treatment must be remembered. 

The search for a methodology was begun by comparison of water 

quality criteria for the various industrial uses (see Table V) with the 

available data on general water quality levels in the Great Lakes. 

(Tables II, III, & IV) 

The major considerations which determine the suitability of cooling ( 
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FOOTNOTES FOR TABLE V 

(a) McKee, Jacr Edward, and Wolf, Harold W. Water Qua Iity Criteria, Second 
Edition, The Resources Agency of California - State Water ^aMty 
Co nt“ Board, Publication No. 3A, Sacramento (1963), pp. 93-106. 

(b) Primarily from the "Progress Report of the Committee on Water Quality 
Tolerances for Industrial Uses/' Journal of the New England Water 
Works Association, 64:261 (1940). 

(c) Depends on design and use of the boiler. 

(d) Aluminum is troublesome since it tends to form a scale. 

(e) Ideally, no ammonia should be present since it is very damaging to 
copper parts. 

(f) Excessive sodium and/or potassium may contribute to foaming. 

(q) The presence of sugar in boiler feed waters, which is sometimes a 
problem in sugar refineries, can cause foaming and also can result 
in production of corrosive organic acids. 

(h) Sodium Carbonate has been found to be responsible for delignification 
of wood cooling towers. 

(i) Should meet Public Health Service Drinking Water Standards. 

(j) Water used for brewing should not contain microorganisms which affect 
the germination process. 

» 

(k) In production of light beer. 

(l) In production of dark beer. 

(m) Microorganisms must be almost completely elminated since many would 
grow rapidly in the beverage^ particularly In fruit juice beverages. 

(o) Copper has been found to decrease the shelf life of some foods. 

(p) This range of maximum values for hardness applies to canning and freezing 
In general. Special cases include: legumes 25-75; fruits & 
vegetables 100-200; peas 200-400. 

o 
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water include temperature (thought to be little affected by dredging), 

the presence of material which might clog pipes such as suspended matter, 

slime forming microorganisms, or scale forming compounds and the corro¬ 

siveness of the water. Process water on the other hand will usually 

warrant the same criteria as were used in consideration of municipal 

water supply together with study of additional parameters in specific 

industries. Preparation of boiler feed water will require consideration 

of removing dissolved solids in addition to the conventional treatment 

given to municipal or process water. The usual treatment scheme might 

be a two-step process consisting of pretreatment in a manner similar to 

municipal water treatment prior to demineralization to reduce dissolved 

solids. The effect of raw water quality changes on chemical dose in the 

pretreatment would be very similar to the municipal water use. The 

quality of the finished product of this pretreatment would be essentially 

the same regardless of raw water quality. Hence it is not expected that 

improvement in raw water would carry over to the demineralization step, 

unless changes in dredging practices significantly reduce dissolved solids 

such as silica which are important in preparation of boiler waters. The 

additional "chemicals" which must be considered in establishing use rela¬ 

tionships with raw water quality might Include: 

1. inhibitors of slime growths 

2. vacuum or chemicals for degasification 

3. other chemicals to control scaling and corrosion 

4. demineralization resins. 

Methodology 

The methodology to be used would proceed according to the following 

scheme: 
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A. Assume that finished water quality is the sfme before and after 

the raw water quality improvement. 

B. Identify the industries which use lake water from the affected 

area. Determine what uses are made of the water and which treatment 

processes are employed to prepare the water for these uses. Choose one 

use (cooling, process, or boiler feed) in one of these plants for completion 

of the following steps. 

C. Correlate doses of each chemical with changes in selected raw 

water quality for the use being considered. 

D. Assume capital costs are unaffected and that elements of the 

operating costs are fixed, that is, that changes in costs of treatment 

are completely reflected in chemical and associated costs. Determine the 

magnitude of the associated chemical costs for the use being considered. 

E. Determine the probability that each possible combination of 

unimproved values of the raw water quality variables used in the corre¬ 

lations with chemical doses will occur during the affected season of the 

year. 

F. Determine the improvement which Is predicted to be realized 

in each of the above water quality variables from a specific change In 

the dredging disposal practices. 

G. Select one of the combinations of raw water quality variables 

from step E. 

H. Determine the improved level of concentration of each of the 

raw water quality variables in the combination by subtracting its change 

as determined in step F from its original value. 

I. For each chemical, determine the change In dose by taking the 

difference between the doses for the Improved and unimproved raw water 
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quahty levels. Each of these doses should be determined from the 

correlations derived in step C. 

J. Determine the benefits per unit volume of water treated for 

this selected raw water by multiplying the adjusted cost of the chemical 

per pound by the change in dose times the probability of occurrence and 

summing this product over all the chemicals. 

K. Repeat steps G through J for each combination of unimproved 

values of raw water quality variables which has a finite probability of 

occurrence during the affected time period. 

I. The total annual benefit to this use is then equal to the 

volume of water treated during the affected time of the year times the 

sum of the benefits per unit volume for each of the probable combinations 

of raw water quality variables. 

M. Repeat steps C through L for each use in the Industry being 

considered. The sum of the annual benefits to each use equals the annual 

benefit to the industry. 

N. Repeat steps C through M for each industry withdrawing lake 

water from the area affected by the change in dredging disposal practices. 

O. To determine the total annual benefits of this change in 

practices in the affected area, sum the values of annual benefits found 

for each industry. 

P. Repeat process for other changes in dredging disposal practices 

provided that the water quality improvements due to these changes in 

practice are known. 

( 
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recreation 

Effect of Water Quality 

The evaluation of economic benefits attributable to recreational 

use of water resource areas is a complex problem. While it has received 

increased study in recent years, as yet no method of evaluation has been 

developed that enables precise measurement of either the demand for 

outdoor recreation, or the monetary benefits attributable to outdoor 

recreation participation. 

Recreational use is the most rapidly growing demand on water. 

But pollution of public waters, from a variety of sources, is reducing 

the capacity of these waters to support such use. Indicators at public 

recreation areas that substantiate this viewpoint are high bacteria 

counts, large masses of algae and aquatic plants, mass die-off of fish, 

oil slicks, debris, offensive odors, scum, and turbidity problems'*0. 

The extent to which recreational use of water is deleteriously 

affected by pollution (or conversely, the extent to which recreational use 

of water is increased by improvement in the quality of polluted waters) 

has not been well-identified because of many variables which are difficult 

to measure, either singly or as an interacting group. 

That recreational use of water resources does result in economic 

benefit is an unquestionable fact. The problem lies not in the lack of 

economic benefit, but in the measurement of it . The methodology pro¬ 

posed herein deals only with the measurement of tangible benefits. It 

**Kneese, Allen V. and Stephen C. Smith (ed.) Water Research. "Major 
Research Problems In Water Quality" by Earnest F. Gloyna. John 
Hopkins Press, Baltimore, Md., 1966. 
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is recognized that there are intangible benefits of importance to society 

which will result from any improvement in water quality. The quality of 

the recreation experience afforded according to water quality character¬ 

istics is one such important intangible which is not directly measurable 

at this time. 

The method proposed in this report is admittedly crude and cumber¬ 

some. Its use is recommended as a temporary means of economic evaluation 

pending the development of more refined techniques. 

A thirteen-step method is presented herein. However, the study 

group feels that only a limited number of cases will require action 

beyond step 4 because it is believed that the amount of pollutants 

identified in the dredged materials may have such small effect at recre¬ 

ation sites that the monetary value attributable to water quality improve¬ 

ment for that purpose may be zero. Steps 5 through 13, while cumbersome, 

appear to provide a feasible means of estimating monetary value of water 

quality improvement for recreation where increased recreation participa¬ 

tion can be shown to be generated. 

Methodology 

1. Establish water quality parameters to describe the suitability 

of water, to support specific recreation uses. 

2. Determine the different recreation uses (activities) and 

potential uses in the water resource area, and locate the 

existing and potential recreation use sites in the area. 

3. Determine the water quality at each recreation site. 

4. Compare the water quality levels so determined with the water 

quality parameters established for each activity. 
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Estimate the effect of different leveis of water quality on 

recreation participation at each site. (Figure 4) 

6. Determine the improved water quality level that would be 

attained if harbor dredgings were not dumped in the area. 

7. Identify the recreational carrying capacity of the site at 

the existing water quality level. 

8. Identify the recreational carrying capacity of the site at 

the improved water quality level. 

9. Determine the increase in participation attributable to 

improving the water quality. 

10. Calculate the number of recreation days attributable to 

improved water quality. 

11. Establish a monetary value attributable to increased partic¬ 

ipation in a given activity at a given site as a direct 

outcome of water quality improvement. 

12. For each site within a sector, sum the monetary values 

attributable to each recreation activity. 

13. For each sector, sum the monetary values attributable to each 

S' te. 

Discussion of Methodology 

1. Establish water quality parameters to describe the suitability 

of water, to support specific recreation uses. 

These water quality parameters will fall within two ranges which 

are established according to threshold levels: 

Effective Range 

The range of water quality which is not polluted sufficiently to 



-55- 

FIGURE 4 
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affect the suitability of the water for recreation use. 

Threshold 

The minimum level of water quality necessary to support recreation 

use without affecting its suitability for such use. 

Affected Range 

The range of water quality within which the suitability of the 

water for recreation use is deleteriously affected. 

Technique 

A technique for establishing water quality parameters for recreation 

is currently being developed at the Water Resources Center of the University 

of Illinois by Robert Aukerman, John T. O'Connor and Edward H. Storey. 

This study is scheduled for completion in August I969. 

Pending completion of this study, a reasonably satisfactory sub¬ 

stitute technique would be to use a jury of qualified recreation specialists 

such as park administrators, marina operators, beach managers, and camp¬ 

ground supervisors. The jury's task would be to (a) establish threshold 

levels for selected recreation activities, thus defining the effective 

range, and (b) estimate the effect of water quality changes on participation 

rates within the affected range. 

In the case of some pollutants, such as coliform bacteria, threshold 

levels are established by law, and require no judgment by the jury. In 

other instances, recommendations of the U.S. Department of the Interior 

may be used. Where such standards would be the basis for regulated use; 

i.e., closing a beach, the effect on recreation use would be more drastic 

than shown in Figure 4. 

( The pertinent pollutants are listed in Table VI. 

2. Determine the different recreation uses (activities) and 

potential uses in the water resource area, and locate the existing and 
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:) 
TABLE VI 

WATfR QUALITY VARIABLES AFFECTING RECREATION ACTIVITIES 

____ACTIVITIES 

VARIABLES 

Direct Body Indirect Body Non-Body 
Contact Contact Contact 

-.-11}_(2) _(3) 
Swimming, Boating, Hunting, Camping, Sight- 
Skin Diving, Fishing, Nature seeing, Picnicking, 
Water Skiing Study Vacation Cottaqinq 

AESTHETIC AND PHYSICAL 

Color 

Turbidity * * 

Odor * * 

Taste * * 

Floating Materials 

Oil, Grease, and 
other scum 

Foam 

Gas Bubbles 

Brush 

Driftwood 

Human Litter * * 

Plant and Animal Pests 
(See Biological Section) 

Suspended and Settieable 
Solids * * 

Obstructions 

Bottom Quality * * 

Temperature 

* 

* 

* 

* 

r . 
(Indicates possible relevance to dredged materials in the Great Lakes) 

O 
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\ 
BIOLOGICAL 

Bacteriological Indicators 

Coliform * 

Streptococcus Faecal is 

BOD Exerting Materials 

Plant Pests 
\ 

Algae f (N, P) * 

Floating Scums 
(Plankton Algae) 

Suspended Matter 

Attached Filaments 

Bottom Dwel11ng 

Higher Aquatic Plants 

Submergent * 

Ernergent 

Floating 

Animal Pests 

Dead Fish * 

Midges 

Mosquitoes 

Flies and Other Insects * 

Leeches * 

Trematode Vtorms 
(Schistosome cercar!ae) 

Sludge Worms, Maggots * 

Nutrients - Entrophication * 

Phosphorus * 

N11 rogen * 

(2) 

* 

* 

* 

* 

* 

* 

* 

* 

(3) 

* 

* 

* 



CHEMICAL 

PH 

Heavy Metals 

Gases 

o2(oo) F (t) 

Organic Poisons 

Pesticides and 
Herbicides 

Arsen i ca Is 

Chlorinated Hydro¬ 
carbons 

Sal i nity 

* 

Vf 

Vf 

RADIOACTIVITY 

Gross a 

Gross b and Y 
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^ potential affect the suitability of the water for recreation use. 

Technique 

A. Use Bureau of Outdoor Recreation inventories to locate existing 

sites. 

B. Use mailed questionnaire to public park and recreation agencies 

to determine existing and potential recreation uses and to supplement the 

site inventory. Agency names and addresses can be obtained through the 

National Recreation and Park Association, 1700 Pennsylvania Avenue, N.W., 

Washington, D.C. 

C. Use mailed questionnaire to private and commercial recreation 

groups to locate nonpublic sites. Obtain names and addresses frcm local 

Chambers of Commerce. Use of questionnaires may require approval of the 

Bureau of the Budget, in accordance with the Federal Reports Act. 

A classified listing of water oriented recreation activities which 

should be included in the survey is presented in Table VII. 

3. Determine the water quality at each recreation site for each 

pollutant listed in Table VI. 

4. Compare the water quality levels so determined with the water 

quality parameters established for each activity. 

A. If the water quality level falls within the effective 

range for that activity, the pollutant has no effect on the activity, 

and the economic benefit attributable to water quality improvement for 

that activity would be zero. 

B. If the water quality level falls within the affected range, 

it will be necessary to determine the extent to which participation is 

( affected, as an economic benefit will likely accrue through water quality 

improvement. 

5. In order to estimate the effect of different levels of water 

.■‘■rnmmm  • •“ .hM. ; I Ml *   " ..... 
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TABLE VII 

WATER ORIENTED RECREATION ACTIVITIES 

DIRECT BODY CONTACT 

Swimming 

Skin Diving 

Water Skiing 

INDIRECT BODY CONTACT 

Boating 

Motor 

Sai 1 

Canoe 

Row 

Fishing 

Hunting 

Outdoor Education and Nature Study 

NON-BODY CONTACT 

Camping 

Picnicking 

Sightseeing 

Riding for pleasure 

Walking for pleasure 

Vacation Cottaging 
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quality on recreation participation at each site, some assumptions must 

be made, as follows : 

A. It will be assumed that the demand for recreation in 

metropolitan areas exceeds the supply, and that water-oriented recreation 

areas are particularly in short supply. This rationale is well-documented 

in the 1962 publications of the Outdoor Recreation Resources Review 

r . • 90, 101+ Commission 

B. It wi11 be assumed that each recreation site has an 

identifiable optimum annual carrying capacity. Optimum carrying capacity 

is defined as the highest desirable level of use (in recreation days) 

for each type of recreation area. This is determined according to two 

factors : 

(1) the ability of the resource to sustain recreation traffic 

without deterioration of the resource; 

(2) the density (people per area ratio) that can be accommodated 

without detracting from the quality of the recreation 

experience. 

Carrying capacity is a management concept which is now being applied 

in some state and national parks for campgrounds, and in some public park 

and recreation systems on such areas and facilities as picnic grounds and 

swimming pools. 

Carrying capacity studies for recreation use areas are currently 

being conducted by the San Antonio District Office of the Corps of Engineers 

A recreation day Is defined as a standard unit of use consisting of a 
visit by one Individual to a recreation development or area for 
recreation purposes during any reasonable portion or all of a 24-hour 
period. (P.3, Supplement No. 1, Senate Document No. 97, President's 
Water Resources Council). 
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in cooperation with Texas Technological College through the Corps of 

Engineers Graduate Associate Program. 

Pending establishment of carrying capacities which are pertinent 

to each region, the task of estimating annual carrying capacities could 

be assigned to the same jury described in step 1. 

C. It will be assumed that each recreation site will operate 

at optimum annual carrying capacity if water quality is maintained within 

the effective range. The jury will be required to estimate the effect 

upon carrying capacity of decreasing levels of water quality. The task 

of the jury will be to estimatu the following: 

(1) the optimum carrying capacity of the site at the effective 

range of water quality; 

(2) the drop-off in carrying capacity of the site at successively 

decreasing levels of water quality in the affected range. 

These varying levels of carrying capacity can be shown on a scale 

depicting the percent of carrying capacity estimated at each water 

quality level. 

6. Determine the improved water quality level that would be 

attained if harbor dredgings were not dumped in the area. This is being 

worked on by the Corps of Engineers. 

7. Identify, on the jury percent scales, the percent of carrying 

capacity of the site at the existing water quality level. 

8. Identify, on the Jury percent scale, the percent of carrying 

capacity of the site at the Improved water quality level. 

9. Subtract the carrying capacity percent at the existing water 

quaiity level from the carrying capacity percent at the improved water 

level. The difference is the percent increase In participation attributable 
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to improving the water quality (see Figure 5). If more than one 

pollutant has an identifiable effect, the calculation should be based on 

the pollutant which has the most restrictive effect on recreation partici¬ 

pation, since it would be impossible to identify the multiple effects of 

more than one pollutant. The possible permutations and combinations would 

be too numerous to handle in any reasonable way. This procedure will 

necessarily result in a conservative estimate of monetary benefits 

attributable to increased recreation participation. 

10. Calculate the number of recreation days attributable to improved 

water quality by multiplying the carrying capacity of the site by the 

percent difference identified in step 8. 

11. To establish a monetary value attributable to increased partici¬ 

pation in a given activity at a given site as a direct outcome of water 

quality improvement, multiply the increase in recreation days identified 

in step 10, by a monetary value per recreation day as authorized in 

Supplement No. 1, Senate Document 97. 

12. For each site within a sector, sum the monetary values attributed 

to each recreation activity as established in step 11. 

13. For each sec'tor, sum the monetary values attributable to each 

site as established in step 12. 

Conclusion 

It is feasible to estimate the monetary values attributable to 

increased recreational use of the Great Lakes as a result of water quality 

improvement through nondumping of harbor dredgings. The estimates will, 

at best, be approximations because of the lack of precise methods of (a) 

projecting recreation demand and (b) allocating accurate monetary values 



Threshold Non-Use 

FIGURE 5 
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to recreation activity days. Use of an approximate value is justified, 

however, since allocating a zero value, when a positive value is known 

to exist, would be a disservice to the public interest as it seeks 

satisfaction of recreation needs. 

Recommendations 

Three specific areas of recreation research should be supported to 

enable more efficient methodology in studies of this kind: 

1. Intensive research is needed on water quality parameters for 

recreation, and particularly upon the effect on recreation participation 

of multiple pollutants acting at the same time in the same location. 

2. Research to identify the recreational carrying capacity of 

water resources under varying quality conditions is essential to sound 

planning and management practices for water resources. 

3. Studies to identify realistic monetary values attributable to 

recreation activity days are essential to the development of valid 

economic evaluation procedures. 
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commercial FISHERIES 

Effect of Water Quality 

The economic benefits attributable to commercial fishing as a result 

of changes in dredging operations are difficult to evaluate. Beeton has 

summarized the series of chemical-physical changes occurring in the 

Vf 
Great Lakes. According to Beeton, these eutrophic changes have been 

accelerated due to man's activity' Gradual decline in the numbers of 

prime commercial fish species (e.g., white fish, Coregonis Clupeaformis) 

114 
can be attributed to pollution of the lake environment . Beeton has 

shown that overall changes in the lakes can be measured by a number of 

chemical parameters from data taken at lake water plant intakes. Gradual 

changes, generally increases, in a few measured factors taken at a few 

specific sites where data are available correlate well with the decrease 

in numbers and kinds of prime fish species. "Relatively little informa¬ 

tion is available on past conditions in most areas of the Lakes, since 

extensive limnological studies have been undertaken only within the past 

114 
15 years." Dredging operations are on the one hand likely to bring 

about immediate, grossly noticeable changes at the dredging and disposal 

sites; but on the other hand the overall net affect of the open water 

disposal of dredged material might be a general impairment to the overall 

lake benefits. Thus, any methodology for estimating effects of change in 

quality on lumbers of each fish species is dependent on identifying and 

studying the effect of quality parameters, as Beeton so succinctly outlined 

vt 
‘A. F. Beeton, Indices of Great Lakes Eutrophication (Pub. No. 15, Great 

Lakes Research Division, The University of Michigan, 1966). 
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in his cited papers. But the measurement of these parameters, as they 

affect each fish species in different areas of the Lakes, have yet to be 

made . 

Methodology 

1. Estimate effect of change in quality on the nuwber of each 

species of fish. * 

2. Assume percentage change in catch equals the percentage change 

in population of each species. 

3. Multiply the change in catch by the weighted average market 

price less the additional cost of catching the fish. 

Discussion of Methodology 

A recent study by the Great Lakes Fishery Commission suggested an 

approach to calculating net benefits to commercial fishing in Lake 

Superior from the lamprey control program'^. The Commission obtained 

data on the costs and revenues of the U.S. and Canadian fishing fleets 

operating in Lake Superior during 1965 and 1966. There were 85 U.S. 

vessels in Lake Superior in 1965. They made 7.069 units of effort. A 

unit of effort is 1,000 feet of gill net lifted once. Thr average cost 

per unit of effort for the two most efficient vessels was $4.77. This 

information from the Commission report can be used to illustrate an 

approach to calculating the net benefits from improvement In water quality 

The numbers used are hypothetical and are for illustrative purposes only. 

The size of changes are exaggerated to simplify understanding. 

If the impact on the fish population from changing the dredging 

operation would be slight, the net gain to commercial fishing from the 

change would be the Increased receipts from the catch because no additions 
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effort would be required. For example, if the catch before the change was 

10 pounds per unit of effort and the average market price of the catch was 

50 cents per pound, the sales would have been $5 per unit of effort. If 

water quality improves and the catch increases to 12 pounds per unit of 

effort, and there is no change in total units of effort, or in the price 

per pound of fish, the net benefit to the economy is the increase in value 

of the catch. That is, 

$0.50 X 2 pounds = $1 per unit of effort 

7,069 units of effort x $1 = $7,069 total net benefits. 

Another possibility, of course, is that the catch changes in value 

because of a change in the species caught. A greater percentage of more 

desirable species such as Lake Trout would increase the average value of 

the catch per unit of effort. In the above hypothetical illustration, an 

increase in the value of the catch to an average of $0.60 per pound would 

increase the sales to $7.20 and thus increase benefits to $2.20 per unit 

of effort, or a total of $15,552. 

The Commission's study of the Canadian fishing fleet was not reported 

in a manner comparable to that of the U.S. fleet. They obtained a sample 

of thiry vessels and reported on the average costs of operating the ten 

most efficient vessels. They did not, however, report these costs per unit 

of effort, as was done for the U.S. fishing fleet. The Canadian study 

recognized an additional difficulty in assessing the cost of fishing enter¬ 

prise. Costs may vary not only with the units of effort, but with the 

value of the catch. Wages may be based partly on the value of the catch. 

The crew may receive a percentage share of the value. The Canadian study 

considered this to be an increased cost, lumping crew's shares together 

with wages. Current Federal policy, however, would consider all benefits, 
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whomsoever they may accrue. Therefore, if the crew receives a share of 

the cooperative venture, their share would be part of the profit and would 

be included in the benefit. The opportunity cost of the crew's labor must 

be deducted, however, if their wages are not already deducted. 

Wages and earnings of fishermen and owners may be less than they 

could earn in alternative occupations. In calculating the net benefits 

of a public investment it might seem appropriate to include in the costs 

of operation of the fishing enterprises the loss to other production in 

the community because these men are fishing. Consider the following 

example. If a fisherman is making $4,000 per year, while in another 

occupation he could be making $5,000 per year, it might seem appropriate 

to include an additional $1,000 in the cost of the fishing operation. 

One could argue, however, that these men prefer this occupation, and are 

willing to earn less and stay in the business, rather than earn more In 

another occupation. Thus, to society as a whole, Including these men, 

this is not a cost. It is offset by the intangible benefits of fishing 

to these rntîn. Therefore, it would not appear appropriate to include 

these opportunity costs in the costs of the fishing operation. 

If there is expected to be a major change in the value of the fish 

catch, profits <Jf existing enterprises would rise. The existing enter¬ 

prises would increase their fishing effort, and new enterprises would 

find it worthwhile to enter the business. This is assuming that quotas 

or other governmental restrictions would allow more fish to be caught. 

The increased effort might affect the pounds of fish caught per unit of 

effort. Thus, the above illustration might be changed in the following 

way. With no additional units of effort the fishing catch would increase 

from 10 pounds to 20 pounds per unit of effort. This might so Increase 
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profits that additional units of effort Mould be encouraged. This 

increased effort might cause the catch per unit of effort to be reduced 

to 15 pounds. The net benefit from the change in water quality would then 

be the increase in value of the 5 pounds of catch for each of the original 

7,069 units of effort plus the net profit on the additional units of 

effort. The net profit on these additional units would be the value of 

15 pounds of fish less the total costs of each unit of effort times the 

additional number of units of effort. 

Conclusion on Feasibility 

The calculations for estimating the net benefits to commercial 

fishing can not oe undertaken until much more is known ebout the ecology 

of the Great Lakes. Perhaps some information will be made available in 

the report of the Board of Consultants that is to be completed around 

December 1968. If it is possible to estimate a change in the fish popu¬ 

lation resulting from changing dredging operations, then it is feasible 

to estimate the net benefits. The cost studies by the Great Lakes 

Fishery Commission might make it unnecessary to conduct another survey of 

the fishing industry in Lake Superior. The industry in the other lakes 

where they would be affected would have to be surveyed. A sample survey 

rather than a complete census would be adequate to determine the nature 

of costs in the industry. Consideration of the ecology of the Great Lakes, 

however, would make us think that the impact of changes in quality on the 

fish population resulting from changing dredging operations is not going 

to be feasible for several years. 
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( 
AESTHETIC RESPONSES AND VALUES 

Effect of Qua 1itv 

The problem of aesthetic responses to variations in water quality 

leads to consideration of the following: exposure to water conditions, 

aesthetic and evaluative responses to the exposure, behavioral outcomes 

subsequent to exposure, and the economic impact of the behavior. 

Exposure: There are two subconsiderations, a) characteristics 

of persons making contact with Great Lakes water, for example, their 

income, property ownership, purpose of contact, frequency of contact, 

periodicity of contact, age, etc. b) the mode of perceptual contact, 

e.g., visual, olfactory, gustatory, tactual, and auditory, or the mode of 

symbolic contact, e.g., verbal, newspaper, magazine, and other media. 

Measurement of the first of these would employ standard survey 

techniques and would be relatively expensive. While feasible, unless 

such information is of specific utility for other reasons, it could be 

neglected as it does not relate directly to the question of the determi¬ 

nants of aesthetic response to water quality variation. Questions would 

be of the following types: What proportion of the population come into 

direct perceptual contact with Great Lakes water? What proportion of the 

population come into contact with symbolic descriptions of Great Lakes 

water? What is the distribution of contact across person and purpose 

types and across water quality variables? Answers to these questions are 

not considered as important as other classes of data to be presented in 

this chapter. 

Laboratory study of modes of perceptual contact other than the 
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visual mode is difficult. The control of olfactory, gustatory, tactual 

and even auditory stimuli such that they are of known composition and 

magnitude and are perceived to represent states of the natural environ¬ 

ment is at the very best difficult. Visual contact would seem to pre¬ 

dominate and seems the most obvious first place to look for relations of 

water quality variation to aesthetics and values. 

Modes of symbolic contact with water quality variation is an impor¬ 

tant source of information concerning water quality and will be considered 

as an antecedent of aesthetic response. 

Aesthetic and evaluative responses to exposure: The aesthetic 

responses are relatively "pure" evaluative responses. These are measured 

by a response device (the Semantic Differential) using bipolar adjectives 

representing the evaluative component of connotâtive meaning as described 

by Osgood, et ak' . Examples of these bipolar adjective scales are 

good-bad, beaut i ful-ugly. 

Another class of evaluative responses has denotative content, as 

opposed to the connotâtive meaning of the aesthetic responses. This class 

is a set of inclusive values such as "freedom", "the good life", "con¬ 

tinued security for our species", etc. Four distinctions can be made 

within this class of values: personal values, societal values, natural 

environmental values, and values specifically related to water quality in 

the Great Lakes. 

We can determine the relation of water quality variables to varia¬ 

tion in a) aesthetic responses, and b) the degree to which people view 

their values as being promoted by or blocked by a given level or change 

in a water quality variable. This reflects the extent to which they 
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"value" the level or change. This "value" is theoretically related to 

satisfaction or apprehension, and related to behavioral and economic 

outcomes. 

Behavioral and economic outcomes: It does not seem useful to 

speculate here about the possible effects that aesthetic responses or other 

values related to water quality might have on behavior, either in the 

market place or in the ballot box. Such effects do occur and are implicitly 

reflected in other chapters of this report. For example, aesthetic factors 

are present in recreation (in site preference and in the effects of water 

quality on recreational use), in municipal water quality (in demands of 

taste, smell and clarity characteristics), and in commercial fisheries 

(in market choice of species). The economic value of the aesthetic com¬ 

ponent is thereby represented even if it is not specifically identifiable 

or directly estimated. Separate and specific aesthetic studies could be 

designed to determine the aesthetic component of decisions such as those 

mentioned above. Such studies would necessarily be exploratory. Behavioral 

and economic outcomes such as those mentioned above are not considered in 

this chapter. 

The concern of this chapter: Typically we ask questions about 

specific antecedents of phenomena, not about a mushrooming set of phenomena 

caused by a treatment. The phenomena of concern here are levels of 

aesthetic and valuational responses. The antecedents are variations in 

perceptible water quality and reported water quality. Changes In levels 

of aesthetic and valuational responses are considered intangible benefits. 

The category of aesthetic and valuational responses related to water 

quality is a residual one: it contains those responses to water quality 
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that have an unpleasant or pleasant "feel", but that do not have any 

obvious relation to overt behavior. By our present definition, aesthetics 

are for the most part noneconomic. Economic outcomes of aesthetic response 

have been taken account of elsewhere, as indicated above. A benefit-cost 

analysis in dollar terms is not possible for the aesthetic values defined 

here. There are, however, some areas in which aesthetic values relate to 

economic considerations in ways not covered elsewhere in this report. 

These will be noted briefly at the end of this chapter. 

Social policy should not always be based solely on economic con¬ 

siderations. It is clear, however, that many issues are ignored until 

either enough persons with economic power act on the issue, or the 

issue shows up in the costs of society. The economics and aesthetics 

of the present may not be an adequate basis for determining social 

policy. We may legitimately concern outselves, however, with ways in 

which aesthetic responses may enter the public domain. If they do, the 

first thing we want to know is the determinants of the responses. If 

they do not, and rational decisions are made on other than economic 

criteria, we will want to know the determinants of aesthetic responses 

and their social correlates. It is the relation of aesthetic and valua- 

tional responses to variation in water quality variables that is the .. 

focus of this chapter. 

Methodology 

1. Relation of perceptual water quality variation to variation in 

aesthetic response. 

a) Identify relevent water quality variables 

b) Select photographs for use as stimuli 
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c) Obtain aesthetic responses (Semantic Differential) and plot 

relation to water quality variation 

d) Judge importance of water quality variables 

e) Determine relative importance of water quality variables 

2. Relation of symbolic water quality variation to variation in aesthetic 

response. 

a) Sample and identify symbolic water quality variables 

b) Obtain aesthetic responses (Semantic Differential) and plot relation 

to symbolic water quality variation. 

c) Judge importance of symbolic water quality variables 

d) Determine relative importance of symbolic water quality variables. 

3. Means-value analysis 

a) Obtain lists of values 

(1) personal values 

(2) societal values 

(3) natural environment values 

(4) Great Lakes water quality values 

b) Reduce the lists 

c) Obtain means-value responses to perceptual water quality variation 

d) Obtain means-value responses to symbolic water quality variation. 

Discussion of Methodology 

1. Relation of perceptual water quality variation to variation in 

aesthetic response. 

a) Water quality variables: The following should be examined -- color, 

turbidity, oil, blue-green algae, filamentous algal species, 

floating refuse, alewives, and others potentially related. 



b) Selection of stimuli. The levels of neturel occurrence of these 

water quality variables should be determined and color photographs 

taken representative of specific levels of each variable. More 

than 10 phoLouraphs should be taken to represent levels evenly 

covering the entire range of variation on each variable. The 

photographs should "abstract" the levels of the variables. That 

is, no photo should show a "beautiful shore scene", since the 

context would then become another variable to be eliminated in 

the research design. The photographs should, however, be identi¬ 

fiable without introducing extraneous variables. A picture of 

scum shouldn't be a picture of scum clinging to higher aquatic 

plants, clinging to a baby's legs, nor should it be unidentifiable 

as scum in lake water. If it can be discovered that dredging 

disposal practices contemplated will not change a given water 

quality variable, that variable can be eliminated for purposes 

of the present study. 

c) Obtaining Aesthetic Responses. The Semantic Differential (SO) 

is an instrument developed in connection with the study of conno- 

tative meaning, and has been widely used in the psychological 

study of aesthetics. It consists of scales of bipolar adjective 

(e.g., good-bad, ugly-beautiful, hard-soft) that have known factor 

loadings on various factors, most importantly an evaluative factor. 

An SD could be constructed from the scales loading heavily on the 

evaluative factor of connotatlve meaning, and should be limited 

to 10 scales. Consult Osgood, et for further details and 

for administration procedures. In addition to the SD scales, add 



"Polluted-unpo!luted". The SD is scored on a seven-point scale, 

from -3, through 0, to +3, equivalent in the evaluative context of 

positive, neutral and negative evaluations. 

Using the SO as a response device, and using the method of 

126 
serial exploration evaluative responses to photgraphs of all 

levels of all relevant water quality variables can be gathered, 

and the relation between level of the variable and evaluative 

(aesthetic) response for each water quality variable plotted. 

d) A variable can be judged important if dredging disposal alternatives 

will affect some water quality variable such that (1) SD responses 

enter or leave the negative region of the scale, (2) a large 

change in SD ratings occurs, or (3) if the change in water quality 

variable will cause the condition to be labeled, or cease to be 

labeled "polluted". Only "important" variables need to be con¬ 

sidered beyond this point. 

e) Determining relative importance of Water Quality Variables. 

130 
Peterson used factor analysis and multiple regression tech¬ 

niques to discover the dimensionality and relative importance of 

dimensions for photographs of residential neighborhoods. His 

problem was to discover the variables relevant to preference. 

Our problem is much simpler. We already know (presumably) the 

variables. We have no need to seek the equivalence information 

given by factor analysis, and there are simpler if less elegant 

methods for determining relative importance. One such method is 

118 
based on the method of paired comparisons discussed by Edwards 

In this technique, all photographs are paired with all others and 
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for each pair a judgment is made of which member is the more 

preferable. This technique yields a matrix whose values repre¬ 

sent the frequency with which each stimulus photograph is pre¬ 

ferred over each other photograph. From the values in th’s matrix 

the water quality variables can be ranked in terms of their 

importance for judgments of preference. The photographs chosen 

for this purpose should be four in number for each water quality 

variable: tv.o from those with positive SO averages, two from 

those with negative SO averages. These should be of comparable 

levels of deviation from the SO neutral point across water quality 

variables investigated. The paired comparison judgments should 

be done separately for photographs having positive SO averages 

and again for those having negative SO averages. It is possible 

that one water quality variable will be effective in determining 

preference in the positively evaluated group, and another in the 

negatively evaluated group. Care must be taken so that the photos 

used on the positive side of the variables do not all look alike; 

i.e., represent the total absence of the variable, each being a 

photograph of "cool, clear, water". 

Relation of symbolic water quality variation to variation in aesthetic 

response. 

Much contact with information concerning water quality is 

obtained through symbolic sources, as opposed to direct perceptual 

contact with the Lakes. Many people will have aesthetic judgments 

concerning variation in water quality in the absence of direct 

perceptual experience with the actual appearance of water qualities 0 
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being described. The problem here is to (i) determine the water 

quality variables available to the public of this symbolic type, 

(ii) select the frequently recurring ones, and (iii) determine the 

relation between symbolic expressions of water quality variables 

and aesthetic judgments on the SO. Given this information, one 

can infer equivalence between points on the perceptual-aesthetic 

scale of water quality variables and the symbolic-aesthetic. That 

is, a certain level of a perceptual water quality variable will be 

equivalent to a given level of a symbolic water quality variable 

insofar as determining aesthetic judgments is concerned. V/hat is 

not known, which would complete the picture, is the relation be¬ 

tween perceptual water quality variation and symbolic variation. 

This would require studying members of the Press, and does not 

seem to be feasible. 

a) Sampling Symbolic water quality variables. For a period of three 

years, 1965-1967 i nclusive, survey articles from popular magazines, 

major newspapers of Great Lakes cities, and if possible transcripts 

of radio and television programs on the issue. Record each 

instance of mention of water quality, water quality variables, 

and descriptions of water conditions in the Great Lakes. For 

each water quality variable mentioned with high frequency, 

descriptions representing varying levels of the variable should 

be obtained. Semantic Differential judgments are then gathered 

for each description, as outlined above. Once the symbolic stimuli 

are chose, the procedures follow those outlined for perceptual- 

aesthetic judgments discussed above. 
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When this phase is completed, information will be available 

concerning the impact of varying descriptions of lake conditions 

in the public communications media on public aesthetic response. 

The relation of actual water quality change to variation in infor¬ 

mation concerning water quality in the public media is not known. 

Neither is the relation between public policy concerning water 

quality and the dissemination of information concerning water 

quality to the public. These relations seem important in deter¬ 

mining the aesthetic feelings concerning water quality in the 

Great Lakes held by persons who contact the lakes primarily 

(though not exclusively) via symbolic media. They may be in the 

majority. 

3. Means-value analysis. 

Improvement in certain qualities of the natural environment, among 

them water qualities, can be seen as leading to some values or valued 

states, and blocking others. Similarly, degradation of these qualities 

can also be placed in a means relation to values or valued states. 

Numerical indices can be constructed that will take account of the 

general facilitating or blocking effect attributed to changes In water 

quality variables. This can be done for particular water quality 

variables, or for composites, and various ranges of variation on the 

water quality can be used: if a general relation Is sought, the entire 

range observable can be examined; if consequences of change from one 

level of a variable to another are of interest, the two levels only 

can be focused upon. 

138 132 133 
The technique is described by White ^ and used by Rosenberg ^ ’ 33 
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Brie f 1 y, values are placed on a 21 point "value importance" scale 

(from "gives me maximum satisfaction" to "gives me maximum dissatis¬ 

faction"). A social policy or other event (reducing turbidity of 

water to the point shown in a particular photograph) is then given a 

"degree of instrumentality" on an 11 category scale according to 

the degree of attainment (+5) or blocking (-5) caused by the policy 

for each value. The value importance score is then weighted by the 

"degree of instrumentality" rating, and summed across all values. 

The index has a range of -50 to +50. Negative scores indicate 

negative values, positive scores positive values. Note that blocking 

of a negative value yields a positive score, indicating that for the 

individual it's a positive, or good, thing. 

Four types of value lists should be gathered: personal values, 

societal values, values related to pollution of the natural environ¬ 

ment in general, and values related to pollution of the Great Lakes 

in particular. 

1. Personal values can be gathered in response to a question 

such as "What are the five most important personal values or personal 

goals that you have in life?". 

ii. Societal values can be gathered in response to a question 

such as "What are the five most important values or goals that our 

country has for itself as a human society?". 

¡15. Values related to pollution of the natural environment can 

be gathered in response to a question such as "What important things 

or values in your life would follow (would be prevented by) cleaning 

up our natural environment (forests, parks, lakes, air, etc.) and 

stopping pollution of them (continuing pollution of the natural 
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environment; e.g., forests, parks, lakes, air, etc.). There are 

really four separate questions here. 

iv. Values specifically related to the Great Lakes can be 

gathered by an adaptation of each of the four forms of the question 

in i ii. 

Once, values have been gathered, the list can be reduced to a few 

values of each type, perhaps 5. Factor analysis could be applied to 

the frequency scores for values, separately for each type of value, 

to discover important value clusters to be represented. 

When a final list of approximately 20-30 values has been prepared, 

the means value analysis can and should be approached in two ways. 

Firstly, the relation of changes in important water quality variables 

(either single or in composite) to values can be determined using 

photographs that represent an anticipated or contemplated variation 

on water quality variables within a perhaps narrow range, or represent 

the entire range of possible variation so that the more general rela¬ 

tion between water quality variation and value is determined. 

Secondly, verbal descriptions obtained from public media can also 

be used as stimuli, as described in part 2) above. These descriptions 

should be used in a way similar to that proposed above In 3.c. for 

the photographs, and for the reasons stated In Part 2). 

This data will give information about the "value" of changes in 

water quality variables in the Great Lakes in the four value areas. 

In addition, it will provide a rough estimate of the impact of such 

change on important values, from perceptual contact with the water 

quality variables through photographs, and from symbolic contact through 
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public media descriptions. It is then possible to relate photographs 

to the stimulus for the description and derive an estimate of the 

relative impact of the two sources of contact with water quality 

information. 

4. Subject population from whom judgments are elicitec1. 

The subjects should be sampled from the geographical area sur¬ 

rounding the location of proposed changes in dredging practice. The 

number of subjects per set of judgments should be on the order of ISO 

total. A different set of subjects should be used in the Semantic 

Differential tasks and the paired comparison judgment tasks. Each 

subject group should number about I50. 

There are a number of distinctions between groups of subjects 

(persons) that would be potentially interesting; e.g., rural-urban, 

socio-economic status, geographical mobility, occupation type, prior 

utilization of water resources, especially for aesthetic-recreational 

purposes. See also distinction made on page 72. It does seem, 

however, that the first and more important steps do not involve dis¬ 

tinctions of this type: general responses of people are what are 

required. Finer breakdowns are more expensive and reflect a more 

intense interest in the sociology of aesthetics than seems appropriate 

in the present context. These finer breakdowns are potentially 

interesting, however, and perhaps are along the directions further 

investigation in this area will follow. 

Subjects for the studies discussed here should therefore be 

representative of the general population in the area of the studies. 

Data of the types suggested above could certainly be collected, and 

the analyses suggested here could be done separately for different 
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subject groups for purposes of comparisons between them. We make no 

proposals or analytic suggestions along these lines at present except 

to note the possibility. 

5. Some additional outcroppings of aesthetics into economic behavior. 

The relation of aesthetic qualities to economic values and 

economic behavior will continue to be an important if problematic 

issue. A systematic interdisciplinary study of the relationship is 

in order. Some potential outcroppings of the relationship are listed 

below. It seems possible to obtain relative values (compared with 

other social issues) from these sources, and absolute values from 

some. There are problems in obtaining real dollar values from these 

indices because they are not exhaustive of the class of economic 

effects . 

a) costs of radio and TV time given over to discussion of aesthetic 

aspects of natural environments. 

b) costs per word for newspapers and popular magazines, weighted by 

the number of words concerning aesthetic response to natural 

environments. This index can be used to gain a comparative 

index of economic contribution of different social issue . This 

contribution can be taken as an Index of Importance. 

c) value of volunteer time spent in advancing aesthetic considerations 

in public policy. 

d) costs of environmental research, Journal space, and editorial 

time, enter into the valuational system. 

e) premiums paid for lake side apartments, vista views, park views, 

and surrounding trees and bodies of water. Real estate holders 

w)uld be good subjects in estimating the relation between 
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variation in perceived water quality and anticipation of falling 

real estate values. 

Feasibi1itv 

The gathering of data concerning the relation of aesthetic response 

to both perceptual contact with water quality variables and symbolic con¬ 

tact with water quality variables is feasible. It will yield no infor¬ 

mation about economic outcomes of change in water quality variables. Other 

data mentioned in this chapter is either not feasible to gather, is not of 

primary importance, or are (to our knowledge) unexplored avenues of data 

bearing upon the aesthetic issue and therefore not proposed. Which of 

these is true in any given instance is discussed above. 

The study of economic outcomes of psychological responses to the 

aesthetics of the natural environment is not presently feasible. Persons 

concerned with specific classes of such outcomes may be able to estimate 

the magnitude of the aesthetic component in the phenomena they study, and 

a methodology similar to the one proposed here might form the basis for 

investigating the relation between aesthetic judgments and economic 

behavior. 

When public policy decisions are made solely on the basis of 

economic considerations, the aesthetics of the matter cannot be included. 

If policy decisions will be made in part on aesthetic and valuational 

basis there will be no numbers to guide, nor formulas to follow. There 

never has been in the question of the values of a society. 
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CONCLUSIONS AND RECOMMENDATIONS 

We believe our studies support the following conclusions: 

1. The first step in evaluating the economic benefits which might 

accrue from modifications in the disposal practices for dredged material 

is to determine the effect of the change on certain water quality charac¬ 

teristics at points of use. The feasibility of determining monetary values 

of the benefits will depend largely upon the success in identifying the 

changes in water quality, bottom quality and shore quality at points of 

use. This step is beyond the scope of our study, but is important to the 

feasibility of benefit evaluation. 

2. The benefits of the many uses of water involve an extremely 

complex system. Systems analysis presents an orderly method of considering 

the many components in the system. 

3. The tangible benefits which will be important are those which 

accrue to municipal and industrial water treatment plants, to recreation 

activities, and to the commercial fishery. Aesthetic aspects will be 

important, but will be intangible and cannot be measured in monetary terms. 

4. Determination of the benefits to municipal water treatment 

plants is feasible provided the changes in quality of raw water at the 

intake can be evaluated and provided a reasonable correlation can be 

developed between chemical dose and a few water quality characteristics 

for each treatment plant. 

5. The Important characteristics of raw water quality for municipal 

water supplies, in this case, are believed to be turbidity chlorine demand, 
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total extractable organic matter (or perhaps threshold odor number), total 

plankton mass, and hardness. The Pilot Project should seek to determine 

the relation between these characteristics and dredging operations at each 

of the study si tes. 

6. The same general methodology which is proposed for evaluating 

municipal water supply benefits can be used for industrial water supplies. 

The same limitations in the feasibility apply and the same raw water 

characteristics are important. In addition, dissolved solids, dissolved 

gases, and presence of slime forming organisms may be important at indus¬ 

trial water intakes. 

7. It is feasible to obtain a conservative estimate of the monetary 

value of increased recreational use of the Great Lakes as a result of water 

quality improvements provided the water quality improvements can be iden¬ 

tified. The estimates will be approximations because of lack of precise 

methods of projecting recreation demand and allocating accurate monetary 

values to recreation activity days. 

8. Further research is needed to identify watej" quality parameters 

for recreation uses, carrying capacity of recreation facilities and mone¬ 

tary values attributable to recreation activity days. 

9- If it is possible to estimate a change in fish species popu¬ 

lation resulting from a change in dredging operations, then it is feasible 

to estimate the net benefits. Consideration of the ecology of the Great 

Lakes, however, would make us think that the determination of the impact 

of changes in quality on the population of commercially important fish 

species resulting from dredging operations is not going to be feasible for 

several years. 

10. Determination of economic outcomes of psychological responses 

; 
i 

m 
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to the aesthetic character of the natural environment is not presently 

feasible. Some quantitative measures of the extent of exposure'of people, 

both perceptually and symbolically, could be made if sufficient funds for 

a rather expensive survey were available. We do not recommend it in this 

case. 

11. The gathering of data concerning the relation of aesthetic 

response to both perceptual and symbolic contact with water qualitv vari¬ 

ables is feasible. Methodologies have been proposed for this. 

12. Behavioral response and the economic valuation of it are not 

sufficiently understood to indicate that they could be determined by 

sampling a reasonable number of people. Because it is not feasible to 

study the entire population and the entire universe of behavior, these 

cannot be determined. 

The following recommendations are appropriate: 

1. The Corps of Engineers should continue long-term studies of 

the effects of dredging operations on water quality. 

_ „— -2+.1f these effects can be determined, then a definitive evalua¬ 

tion of water supply and recreation benefits should be undertaken for an 

area affected by one dredging site as a test of the methodologies presented 

here. 

3. When understanding of the ecology of the Great Lakes has pro¬ 

gressed to the point that the effect of dredging disposal operations on 

fish populations can be determined, then the benefit to the commercial 

fishery should be included in the analysis. 

4. Research is badly needed to develop the interrelationships 

between the many components of the water resource system so that the 
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evaluation of benefits which cannot now be accomplished will become feas¬ 

ible, and the precision of the evaluation of benefits which can now be 

evaluated will be greatly improved. 

j 

0 



A CONCEPTUAL WATER QUALITY MODEL FOR BENEFIT-COST ANALYSIS 

Conceptual Model for Evaluation of Benefits due to Improved Water Quality 

Let a lake be divided into any number of sectors such as 

Lake A in Figure 1. These sectors are areas in which strong water 

quality interrelationships exist and in which the water quality is 

influenced more by what occurs in the sector than by neighboring 

sectors. Sectors may be defined by the water uses. 

Some of the major water uses and water quality parameters are 

given in Table 1. 

Table 1 

Commercial fishing 
Cooling water 
Domestic waste carrier 
Domestic water supplies 
Industrial waste carrier 
Industrial water supplies 

USES 

Irrigation 
Recreation: 

Swimming 
Wading 
Fishing 
Boating 
Sightseeing 

WATER QUALITY PARAMETERS 

Bacteriological indicator tests 
(col i form, enterococci, etc.) 

Carbon dioxide 
Color 
Dissolved oxygen 
Dissolved solids 
Hardness 
Nitrogen compounds 
Odor 

Organic material 
Phenols 
Phosphorous compounds 
Plankton (number, diversity) 
Suspended solids 
Tastes 
Temperature 
Toxic substances 
Turbidity 
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Figure I 

Division oi lake into sectors. 

FIgur« 2 

Sector 6 of Lake 3 showing municipal water supply 
as lise 2 influenced by water quality parameter U, 
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( 
The variables used in the water quality model for benefit-cost 

analysis are defined below. The first column contains the variables, 

the second column defines the variables in general terms, and the 

third column defines the variables for a specific problem shown in 

the example which is for evaluating benefits due to a reduction of 

suspended solids in the raw water at the intake for municipal water 

supply. 

Table 2 

Definition of variables used in water quality model for benefit-cost 

ana lysis. 

Variable 

Subscripts: 

i 

j 

k 

1 

m 

t 

ni 

nJ 

nk 

Variable Definition Example Variable 

identifies the use 

identifies the water quality 

identifies the lake sector 

identifies the lake 

identifies the sectors ad¬ 
joining to sector k 

identifies the season or 
time 

total number of different 
uses 

total number of different 
water quality parameters 
used for al 1 uses 

maximum number of sectors 
in any lake 

municipal water supply ■ 2 

suspended solids ■ 4 

the area of water included 
in lines 30 miles north, 30 
mi les south and 30 mi les 
east of Milwaukee ~ 6 

Lake Michigan » 3 

total number of water uses 
in the series of lakes 

the total number of water 
quality parameters felt to 
be significant for all uses 

the maximum number of sectors 
any lake in the system is 
divided into ( 



Variable Variable Definition Example Variable 

ni 

U 
i kl 

L3 ijkl 

total number of lakes in 
the system 

the i-th specific use of 
the water in the k-th 
sector of the 1-th lake 

the treatment, management, 
or enforcement controls for 
the j-th water quality para¬ 
meter on the influent water 
to the i-th use from the k-th 
sector of the l-th lake 

the treatment, management, 
or enforcement controls for 
the j-th water quality para¬ 
meter on the effluent water 
from the i -th use to the 
k-th sector of the l-th lake 

level of the j-th water 
quality parameter in the 
k-th sector of l-th lake 
at the point where the 
water is collected for the 
i-th use 

level of the J-th water 
quality parameter after 
treatment and before i-th 
use in k-th sector of l-th 
lake 

the level of the j-th 
water quality parameter 
after the i-th use and 
before treatment and re¬ 
turning to the k-th sec¬ 
tor of 1 -th lake 

the level of the j-th 
water quality parameter 
after treatment following 
l-th use as it is returned 
to the k-th sector of the 

for Great Lakes; nl ■ 5 

municipal water supply for 
MiIwaukee 

filtration to remove the sus¬ 
pended material from water 
used from this sector for 
municipal water supply 

filtration to remove some of 
the suspended solids added to 
water as a result of munici¬ 
pal use before it is returned 
to this sector of the lake 

the concentration of suspended 
solids at the location of Mil¬ 
waukee's water supply intake, 
mg/1 

the concentration of suspended 
solids in the water used as 
Milwaukee's city water, mg/1 

the concentration of suspended 
solids in the water after 
being used in Milwaukee's 
distribution system, mg/1 

the concentration of suspended 
solids at the location where 
the return flow from Milwau¬ 
kee's water supply is put into 
the lake, mg/1 



Variable Variable Definition Example Variable 

LU ijkl 

LI2 
ijkl 

the average level of the j-th the average concentration of 
water quality parameter In suspended solids in the water 
the k-th sector of 1-th lake zone described above, mg/1 

the level of the j-th water 
quality parameter in the 
k-th sector of 1-th lake 
at the point where the 
water is collected for the 
i-th use after the water 
quality in the lake has 
been improved 

the concentration of suspended 
solids at Milwaukee's water 
supply intake after the con¬ 
centration has been reduced 
by some means, mg/1 

the level of the j-th 
water quality parameter 
in the k-th sector of 
1-th lake after treat¬ 
ment and before use 
after a reduction in 

Uijkl 

L2 
ijkl 

the relationship which de¬ 
scribes the extent to 
which the level of the J-th 
water quality parameter in 
the m-th sector affects the 
level of the j-th water 
quality parameter in the 
k-th sector of 1-th lake. 
When m > k this is the 
relationship which describes 
the effect of biota and 
other objects in the k-th 
sector on the level of the 
j-th water quality para» 
meter in the k-th sector 
of 1-th lake 

the relationship which de¬ 
scribes the extent to which 
the concentration of sus¬ 
pended solids in a neigh¬ 
boring sector affects the 
concentration of suspended 
solids in the sector of Mil¬ 
waukee's water supply 

the interaction between the 
sediments and the overlying 
lake water in the k-th sec¬ 
tor of 1-th lake involving 
the J-th water quality 
parameter 

the relationship which de¬ 
scribes the effect of sedi¬ 
ment deposition and uptake 
on the level of suspended 
solids In the sector adja¬ 
cent to Milwaukee 
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Variable_Variable Definition_Example Variable_. 

R water discharging into the the extent to which untreated 
jkl k-th sector of 1-th lake, urban storm drainage affects 

which was not taken from the concentration of sus- 
this sector, and which in- pended solids in the sector 
volves the j-th water quali- adjacent to Milwaukee 
ty parameter 

Cl i Jkl 

C2 i jkl 

CUl ikl 

CU2ikl 

diversion of water from 
k-th sector of 1-th lake 
involving the j-th water 
quality parameter 

cost of treatment to re¬ 
move one unit of the j-th 
water quality parameter 
per unit of the i-th use 
in the k-th sector of 1-th 
lake 

cost of treatment to re¬ 
move one unit of the j-th 
water quality parameter 
per unit of water treated 
after i-th use in the k-th 
sector of 1-th lake 

total cost of treatment 
for all water quality pa¬ 
rameters for the i-th use 
in the k-th sector of 1-th 
lake 

total cost of treatment 
for all water quality pa¬ 
rameters after the i-th 
use in the k-th sector of 
1-th lake 

the exportation of water from 
the sector adjacent to Mil¬ 
waukee to another sector or 
drainage basin which affects 
the concentration of sus¬ 
pended solids in the sector 
adjacent to Milwaukee 

cost to reduce the suspended 
solids one mg/1 per million 
gallons of water use by Mil¬ 
waukee, ($/(mg/l))/mi11 ion 
gallons 

cost of reducing the sus¬ 
pended solids one mg/1 per 
million gallons of water 
treated after being used for 
Milwaukees water supply 
($/(mg/1))/mi Ilion gallons 

cost of treating all water 
for municipal water supply 
taken from this sector, $ 

cost of treating all munici¬ 
pal water supply return flow 
before it is returned to 
lake, $ 

TCI total cost of treatment 
for all wate' quality pa¬ 
rameters for all uses in 
the lake system before use 
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Var iab le_Variable Definition 

TC2 total cost of treatment for 
all water quality para¬ 
meters after use and before 
it is returned to lake for 
all uses 

Example Variable 

TCL 

’ikl 

TB 

AB 
ikl 

AN 
ikl 

NB 

total cost of water treat¬ 
ment in the lake system for 
all wa te r q ua1ity pa ra - 
meters for a 11 uses 

number of units of the i-th 
use in the k-th sector of 
l-th lake 

benefits from one unit of 
the i-th use in k-th sec¬ 
tor of l-th lake 

total benefits for all 
uses in the lake system 

increase in value of one 
unit of i-th use in k-th 
sector of l-th lake due to 
a reduction in LI.,.. 

i jkl 

the number of units of 
increase in i-th use in 
k-th sector of l-th lake 
due to a reduction in 

total benefits attributed 
to a reduction in LI, . 's 

i jkl 
for all uses in the lake 
system for the t-th period 

net benefits for all uses 
in the lake system under 
initial conditions 

number of million of gallons 
of water supply taken from 
this sector 

amount of benefits for one 
unit of water supply in 
Milwaukee, $/million gal. 

increase in value per mil¬ 
lion gallons of municipal 
water supply due to a de¬ 
crease in suspended solids 
at intake not including re¬ 
duced cost of treatment, 
zero in example 



Variable Variable Definition Example Variable 

an effluent standard for the 
level of the j-th water 
quality parameter for the 
i-th use in the k-th sector 
of the 1-th lake 

UK intangibles may be the aesthetic value 
of reducing the level of 
suspended solids in drinking 
water to a level below the 
value set by standards 

AC total added cost to all 
uses in the lake system 
due to new effluent 
standards on users 

E administration and en¬ 
forcement cost to cause 
users to meet new efflu¬ 
ent quality standards 
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Fîgure 2 shows an enlarged view of one sector of the lake with 

one use of the water in that sector. The water is withdrawn from the 

lake, treated, used, treated, and returned to the lake in this sector. 

Also indicated are the interactions between the various lake sectors 

and interactions within the sector. Associated with each water use 

are benefits attributed to that use and there are costs attributed to 

the treating of the water before and after use. 

Figure 2 may be converted into a box diagram, Figure 3>to show 

the general network of the model. The model is based on the identifi¬ 

cation of degree of water quality based on a specific use and the 

benefits and costs associated with that use. Figure 4 then illus¬ 

trates the modular arrangement that can be used to extend the model 

to represent the interaction between uses within a sector and adjoin¬ 

ing lake sectors. 

This discussion is not concerned with the relationships for 

the I's, 0's, R's, and D's and their influence on the Li's of the 

model. It will be assumed that these are known, since they are to be 

determined by a different study and used as inputs to this model. 

Cost of treatment before water is used In i-th use in k-th 

sector of 1-th lake ■ the sum for all water quality parameters of 

((the cost of removing the j-th water quality parameter per unit of 

parameter removed per unit of use) x (number of units used) x (level 

of the j-th water quality parameter at raw water intake - the level 

at which the J-th water quality parameter that can be used) all for 

i-th use in k-th sector of 1-th lake) 
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cul¡ki ->i (c'ijki xN¡kix <LliJki -L2ijkl)) Eq. 1 

Total cost of treatment for all uses in the lake system before 

use * the sum for all lakes of the sum for all sectors of the sum for 

all uses the cost of treatment for each use in each sector of each lake, 

n 1 nk ni 
TC 

n 1 n k ni nj 

1 * lïl <¿1 <M <jt, (".jk, x "lkl - <U|Jkl - L2,Jk|))))) Eq. 2 

Eq. 2 can be rewritten as 

ni nk ni 

Tcl ■ i-i < k£i < 1¾ (cu|lk|))) 

Similarly the cost after treatment can be written as 

ni nk ni 

Eq. 3 

I f E / 
1-1 (k-l ( 

n i nj 
E i E 
i-l I <C2ljkl xNlkl x -UiJk,)»)) Eq. 4 

where C2[jk) is the cost of treatment for removing the j-th water 

qual.ty parameter per unit removed per unit of use. and 

utljkl are the level of the J-th water quality parameter after use 

and the level of the J-th water quality parameter at point of return 

flow into the lake. 

The total cost of treating water In the lake system for all 

OSes Is the sum of treatment costs before and after use for all uses 

in the lake system. 

TCL - TCI + TC2 c c 
Eq. 5 

The total benefits from all uses In the lakes Is given by Eq. 6. 

Total benefits for all uses In the lakes . the sum of (the 

benefit per uni, of each us. In each sector of each lake x th. number 

of units of each use In each sector of each lake) for all 
uses, ail 
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sectors, and all lakes. 

n 1 nk n i 

T® - |£l ( kïl < Ul (Bikl X "ikl»1 
Eq. 6 

The total benefits and total costs for use of the water in the 

lake system can now be compared by using equations 5 and 6 if the terms 

L,ijkr L2ijkr clijkr L3ijkr L4ijkr C2ijkr Bikr and Niki are 

known for i, j, k, and 1. The lakes do not necessarily need to have 

the same number of sectors, the sectors need not contain the same 

number of uses, and uses need not be influenced by the same number 

of water quality parameters. 

The net benefits for all uses in the lake system is given by 

Eq. 7. 

Net benefits = Benefits - treatment costs 

HB - TB - TCL E(1‘ 1 

Up until now the development has been for a general solution. 

Since any change in water quality which is likely to occur at the raw 

water intakes is not likely to affect the treatment of water after 

use for any uses, this study is now limited to that portion of the 

model enclosed in the dashed box in Figure 3 and Eqs. 2 and 6 are 

left to be evaluated. 

It should be noted that if one were interested in determining 

the costs and benefits due to changing effluent standards for the 

users then Eq. 4 would be Included. The added cost to meet a new 

effluent standard would be given by (L4|jk) - Ll4|jkj) x C2jjkj x 

where 1-14^, is the new standard. 
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For a given change in water quality at the raw water intakes 

the net benefits, NB, may also change. This change in net benefits 

is the amount of benefits which can be attributed to the change in 

water quality. It is assumed that the change in water quality is 

toward an improved quality and thus the change in NB is positive and 

thus the benefits attributed to the water quality are positive. 

The problem is now to determine the benefits which accrue due 

to an improvement in the water quality at the raw water intakes, i.e. 

lower LI.., 's. There are three ways in which benefits can occur 
i j kl 

because of a reduction in the Ll.^'s. One way that benefits can 

occur is through a reduction in treatment cost. A second way in 

which benefits can occur is through an increase in the value of some 

uses per unit of use. The third way in which benefits can occur is 

through an increase in the number of units of use due to a decrease 

in LI,Jk|'s. 

Total benefits from water quality Improvement at raw water 

intakes * decrease in treatment cost + increase in value of use + 

value of increase use. 
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( 

Total benefits due 
to improved raw 
water qua 1ity 

BT. 
n I nk 

( r 
v k-1 

n i 
Z 
Í-1 

'number of units 
of water qua 1ity 
parameter to be 
removed before 
improvement 

¡1 «<L,¡jki 

number of units 
of water qua iity 
parameter to be 
removed after 
improvement 

L2ijki> - (in 
Ijkl -'-“ijkl» 

cost per unit 
of removal per 
unit of use 

ijkl 

1 
number of 
units of 
use 

— n 1 nk n i nj 

»» + LI, (,5, (,5, ( 
nk 

N 
ikl 

increase in 
value per unit 
of use 

1=,1 'k-l M = 1 vj = l 
Aß 

ijkl 

number of units 
of use 

N.k,))» 

n 1 
+ £ 
+ 1-1 

nk 

( Z 

r 
/value + increase \ 
Í in value per un 
\of use 

e \ 

V 
n i nj 

( Z ( 5T 
'1-1 'j-i (((S^ki + AB|jk| 

( 

(units of water 
qua 1 i ty para¬ 
meter to be 
removed per unit 
of addition use 

cost per uni 
of remova I 
per unit 
used 

inc rea se i n 
number of 
units used 

- ((HI ijkl ' LI2IJkl) 
Cl 

ijkl )) ANlk,)))) Eq. 8 

where Llj^ is the original level of water quality at the intake and 

LI,lJkl îs the ,,nProved level of water quality at the intake. The 

value (Lljj^j - LIljj^j) is the amount it has been improved. 

The first step toward solution of Equation 8 is to identify 

the water uses in each sector along with the limiting levels of the 

parameters of water quality associated with each use. Next determine 

the number of units of each use In each sector, Njkl; the reduction to 



■ 

-106- 

be made in number of units of water quality parameter removed per unit 

of use, ((U.jk, - L2|Jk|) - (LII|Jk, - the value per unit 

Of use, B.jkl; the cost of treatment, Cl|jkl; the increase in value 

per unit of use, and the increase in use, AN.kr 

Simplified Example . 

This is a simplified example to show the concept of the model 

and is not intended to represent any actual condition. Let municipal 

water supply be the 2nd use for water in sector 6 of Lake A in Figure 2 

and let suspended solids be the 4th water quality parameter. Let 

Lake A be the 3rd lake in the system. Therefore 

i = 2 

j * 4 Eq. 9 
k » 6 

1 - 3 

The average level of suspended solids in this sector is given by 

L5 i /■ - in mg/1. At the raw water intake the level of suspended 
2,4,6,3 

solids is given by This raw water is then treated by some 

process Tl , , , such as filtration, to reduce the suspended solids 
H 2,4,6,3 

concentration to a level U2,k,e,3 SUCh that H ^ ^ ^ 

cipal water supply. After use the water contains a concentration of 

suspended solids ^2,k,e,3 and mUSt 06 treated by 3 Process T22,4,6,3’ 

such as sedimentation, to reduce the suspended solids to level 

i4 , which is then returned to the lake. There is occurring 
2,4,6,3 

during this time an Interaction, D4>63 between the sediments in this 

sector and the amount of suspended solids through the processes of 

deposition and entrainment. Also the concentration of suspended 
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solids is being influenced by neighboring sectors represented by 

interactions *4 ^ 5 3' sector 5 influencing sector 6; I4 £ 7 sec¬ 

tor 7 influencing sector 6; ^ n sector 11 influencing sector 6; 

and 6 6 3’ the in<:,uence within sector 6 of biota and other objects 

or mechanisms . 

With the treatment Tl„ , ¿ , there is associated a cost 
^ > 3 

Clj 463 Per un*t municipal water supply treated per unit of 

suspended solids removed. Similarly there is a C2. , , , associated 

with T22 463- There is a benefit B2 ^ ^ associated with esch unit 

of municipal water supply used in this sector. There are N« 
2,6,3 

units of municipal water supply used in this sector from the lake. 

Let the assumption be made that municipal water supply is 

the only use which has any benefit attributed to it and the only 

water quality parameter which must be treated for water supply is 

suspended solids. Further let it be assumed that municipal water 

supply is only taken from the lake system in sector 6 of lake 3. 

This means that 

ikl 0 for I * 2, k * 6, I 3 

ClIjkl - 0 for ! ,* 2, J * 4, k * 6, 1 * 3 

C2{jk) - 0 for 1 ,4 2, j * 4, k * 6, 1 * 3 

Then the total benefit for all uses on the lakes is 

total benefits ■ benefit per unit of use x number of units of use 

Eq. 10 

Eq. 11 

Eq. 12 

TB B 
2,6,3 

N, Eq. 13 2,6,3 

from Eq. 6 and the total cost of treating all water in the lake system 

for a 11 uses is 
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cost per unit units of use 
of removal per x 
unit of use 

units removed per 
tota 1 
cost 

x unit of use before 
use 

TCL 
Cl2,4,6,3 

x 

cost per unit units of use units removed per 

+ of removal per x 
unit of use 
after use 

x unit of use after 
use 

from Eqs. 2, 4, and 5. This then allows a comparison of the benefits 

and costs of the uses in this simplified example. 

If by some means the suspended solids concentration were 

reduced at the raw water intake there would be a reduction in treatment 

cost to meet the same quality of treated water. If there is no in¬ 

crease in the value of a unit of water supply and there is no increase 

in the number of units of water used, the only benefit due to an im¬ 

provement in the raw water quality will be this savings in treatment 

cost. This means 

Eq. 15 

Eq. 16 

and if the effluent standards remain the same then Eq. 8 reduces to 
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total benefit 
due to Im¬ 
proved raw 
water qua 11ty 
per time in¬ 
terval t 

reduction in 
units of water 
qua 1 ity para¬ 
meters to be 
removed per 
unit of use 

cost of removing 
one unit of the 
water qua 11 ty 
parameter per 
unit of use 

number of 
units of 
use 

BTt " (L12,4,6f3 ‘ LI,2,4,6,3) X C' 2,4,6,3 
x N 

2,6,3 
Eq. 17 

where LI^ ^ ^ is the new level of suspended solids at the raw water 

i ntake. 

If the assumptions of Eqs. 10, 11, and 12 are now removed, 

the benefits for the reduction in the level of the other water quality 

parameters for water supply could be found for sector 6 in lake 3 

similar to that in Eq. 17 and the benefits for all uses could be 

found in this sector and then for all sectors on all lakes. The sum 

of these benefits are then the value obtained by Eq. 8 with ÛBj^j 

and ÛNjki equal to zero. 

Discussion. 

It may not be necessary to determine the value of each variable 

in Eq. 8. For water supply only the first term may be important, 

since the improved water quality at the intake will result in lower 

treatment costs to produce the same level of treated water. The 

lower value for LIl^.^i is the value of the water quality at the use, 

L2|jkj. Any value of LIlj^j below 12^^ does not decrease treatment 

cost. 

For recreation the second term may be the important term 

plus the third term simplified. In recreational use there is no 

treatment so that the third term in Eq. 8 becomes 
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n 1 ni nk ni ni 

1-1 ' k-1 1 ¡-1 ' j-1 ^ 6ijkl +4BIJkl' X ^Ikl 

c,ijki ^ depend on the of Llijkr L2¡jki' Niki’ the 

value of other Cl-j^'s as well as season of the year and will be zero 

if no treatment is needed for that parameter. 

C,ijkl " f^L1ijkr L2ijkr Nikl’ c,ijkrs’ ^ Eq. 18 

may be zero unless Lljj^j is below some threshold value 

and then is dependent on Llj^, season of the year, amount of this 

use available, plus many intangible and unknown factors. 

Bikl = f(L,fjkr t’ Nikl’ UK^ Eq. 19 

AB... would then be a function of the same factors as B,,, 
■Ki/ ikl 

plus IIIjjki. 

If one were interested in doing a study of the benefits and 

costs for the lake system for different effluent standards for the 

various users this model can also be used provided the I's, and D's 

are known. If 114.,., is the new effluent standard and LI4,.., is 
Ukl IJM 

less than th®0 the added cost to the user is 

ni nk ni nj 

AC “ U1 ( k-1 ( i-1 ( j-1 ((L¿*Ijkl " Ll4ljkl) x C2ijkl 

X Nikl))))) ^ E Eq. 20 

The new Ll4jjkj influence the Li's through the I's and thus the Li's 

become LIljj^j an improved raw water quality such the benefits can be 

evaluated by Eq. 8. Thus the benefits and costs due to different 
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effluent standards on the various users can be used. Here E is the 

administration and enforcement cost to cause the users to meet the 

new standards. 

Conclus ions. 

If the values of Ll¡jk), LHjjk), Cl¡jkl, N¡kl, Bljkl, 

AB.,.,, and AN... can be determined then Eq. Swill al lew one to 
i jkl ikl 

determine the benefits attributed to improved water quality in a lake 

system. It may be impossible to evaluate some of these variables 

and therefore only an approximation of the benefits can be obtained. 

This evaluates the benefits for a given period and assumes 

that the values of the variables are constant during this period. The 

computations and evaluations would have to be repeated for each period 

for which it is desired to determine the benefits. It is necessary 

only to solve Eq. 8 to determine the benefits. The results of Eqs. 13 

and \k are shown in the example only for purposes of illustration and 

explanation. 
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GR E E L E V AND HANSEN 

ENGINEERS 

I* EAST JACKSON BOULEVARD • CHICAC'O, ILLINOIS 0O6OA 

TELEPHONE (312) 939 5850 

November 25, 1968 

District Engineer 
U. S. Army Engineer District, Chicago 
219 South Dearborn Street 
Chicago, Illinois 60604 

Dear Sir: 

associa tes 

CARLTON H BECKER 

HENRY M ZUKQWSKI 

CHARLES D THOMSEN 

J BENJAMIN VERHOEK 

PHILLIP B DENT 

WA RREN W SADLER 

T RUSSELL Al M D A L E 

GERALD E R E H M 

JACK W CORMACK 

JOHN W HARDIE 

ROBER' M ZIMMERMAN 

PA U L E LANGDON.JR 

ALLAN B EDWARDS 

PAUL A KUHN 

JOHN B BLACK 

ROBERT L HALL 

In accordance with our Contract No. DACW23-69-C-0006, 
we are pleased to submit our Study for Determination of 
Benefits from Improved Great Lakes Water Quality. 

We concentrated our initial efforts toward a deter¬ 
mination of benefits that would accrue to the Chicago 
municipal water supply, the largest treatment facility on 
the Great Lakes. Our findings are as follows: 

1. Improvements in water quality would have 
no discernible effect on coagulant dosage. 

2. Annual savings in chlorine and activated 
carbon would be not more than $7,500 for 
Chicago and in our judgment would probably 
be less than $1,000. 

3. As Chicago's supply is of the magnitude of 
one-third of the total for all Great Lakes 
municipalities, the possible overall savings 
are of such minor significance as to warrant 
no further studies. 

4. We recommend that analyses of possible sav¬ 
ings at other plants not be made and that 
the study be terminated at this time. 

The detailed findings on which the foregoing are 
based will be found in the main body of the report, 
which follows. 

TMN:MG 

Yours sincerely, 

GREELEY AND HANSEN 

Thomas M. Niles 

iii 
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U.S. ARMY CORPS OF ENGINEERS t 
Study for Determination of Benefits 

From Improved Great Lakes Water Óualfty 

November, 1968 

I. Introduction 

The U.S. Army Corps of Engineers has authorized 

Greeley and Hansen to determine, if possible, the mone¬ 

tary benefits that would result from an improved Great 

Lakes water quality due to a cessation of lake disposal 

of polluted harbor dredgings. The results of the 

investigation and studies are summarized herein. 

II. Procedures 

In May, 1968, the University of Illinois Water 

Resources Center reported to the Corps on the Feasi¬ 

bility of Evaluation of Benefits from Improved Great 

Lakes Water Quality. On page 15 of that report is 

outlined a proposed method for assessing the benefits 

to a municipal supply which accrue as savings in 

treatment costs, as follows: 

"Methodology 

"A. Assume finished water quality is the 
same before and after improvement in the raw 
water quality. 

C 
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"B. Identify each municipal treatment plant 
which uses lake water from the affected area. 
Determine what treatment processes they use and 
what factors control the operation of those 
processes. Choose one of these plants for com¬ 
pletion of the following steps. 

"C. Correlate doses of each chemical with 
changes in selected raw water quality variables 
in the plant being considered. 

"D. Assume capital costs are unaffected and 
that elements of the operating costs are fixed, 
that is, that changes in costs of treatment are 
completely reflected in chemical and associated 
costs. Determine the magnitude of the associated 
chemical costs in the plant being considered. 

"E. Determine the probability that each pos¬ 
sible combination of unimproved values of the raw 
water quality variable used in the correlations 
with chemical costs will occur during the affected 
season of the year. 

"F. Determine the improvement which is pre¬ 
dicted to be realized in each of the above water 
quality variables from a specific change in the 
dredging disposal practices. 

"G. Select one of the combinations of raw 
water quality variables from step E. 

"H. Determine the improved level of concen¬ 
tration of each of the raw water quality variables 
in the combination by subtracting its change as 
determined in step F from its original value. 

"I. For each chemical, determine the change 
in dose by taking the difference between the doses 
for the improved and unimproved raw water quality 
levels. Each of these doses should be determined 
from the correlations derived in step C. 

"J. Determine the benefits per unit volume 
of water treated for this selected raw water by 
multiplying the adjusted cost of the chemical per 

■ i pn 
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( 
pound by the change in dose times the probability 
of occurrence and summing this product over all 
the chemicals. 

"K. Repeat steps G through J for each com¬ 
bination of unimproved values of raw water quality 
variables which has a finite probability of occur¬ 
rence during the affected time period. 

"L. The total annual benefits at this plant 
are then equal to the volume of water treated 
during the affected time of the year times the sum 
of the benefits per unit volume for each of the 
probable combinations of raw water quality vari¬ 
ables . 

"M. Repeat steps C through L for each plant 
in the affected area. 

"N. To determine the total annual benefits 
of this change in dredging practices in the affected 
area, sum the values of annual benefits found for 
each plant. 

"0. Repeat process for other changes in 
dredging disposal practices provided that the 
water quality improvements due to these changes 
in practice are known." 

The report also suggests one alternative to the de¬ 

tailed study of chemical doses versus raw water quality. 

This is in the event the dosage is controlled by a set 

of operating rules which state that for certain levels 

of raw water quality the operator should add a specific 

amount of a particular chemical. The development of a 

correlation would be unnecessary because of the exis¬ 

tence of the operating rule... 
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On page 26 of the University of Illinois report, it 

is suggested that the following variables would deserve 

first attention in evaluation: 

1. Chlorine demand 5. Hardness, total 

2. Turbidity 6. Hardness, noncarbonate 

3. Algae 7. Extractable organic 
matter 

3. Coliform organisms 

The report also selects the following chemicals as the 

important ones to be considered and the corresponding 

raw water quality variable(s) with which they might be 

correlated, as follows: 

Chemical Dose 

Chlorine 

Coagulant 

Activated carbon 

Raw Water Quality Variable(s) 

Chlorine demand 

Turbidity and total algae 

Extractable organic matter 
(or TON*) (or phenols) 

Wash water 

Lime 

Soda ash 

Turbidity and total plankton 

Total hardness 

Noncarbonate hardness 

*Threshold Odor Number. 

The methodology for industrial water supplies is 

similar to that outlined above for municipal supplies. 

It is pointed out in the report that the most important 

difference between municipal and industrial supplies is 

that industrial waters are used in the following princi¬ 

pal ways: 
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1. As cooling water 

2. As process water 

3. As boiler feedwater 

The report further states that 

"The major considerations which determine the 
suitability of cooling water include temperature 
(thought to be little affected by dredging), the 
presence of material which might clog pipes such as 
suspended matter, slime forming microorganisms, or 
scale forming compounds and the corrosiveness of 
the water. Process water on the other hand will 
usually warrant the same criteria as were used in 
consideration of municipal water supply together 
with study of additional parameters in specific 
industries. Preparation of boiler feedwater 
will require consideration of removing dissolved 
solids in addition to the conventional treatment 
given to municipal or process water. The usual 
treatment scheme might be a two-step process con¬ 
sisting of pretreatment in a manner similar to 
municipal water treatment prior to demineraliza¬ 
tion to reduce dissolved solids. The effect of raw 
water quality changes on chemical dose in the pre¬ 
treatment would be essentially the same regardless 
of raw water quality. Hence it is not expected 
that improvement in raw water would carry over to 
the demineralization step, unless changes in dredg¬ 
ing practices significantly reduce dissolved solids 
such as silica which are important in preparation 
of boiler water. The additional 'chemicals' which 
must be considered in establishing use relationships 
with raw water quality might include: 

"1. inhibitors of slime growths 

"2. vacuum or chemicals for degasification 

"3. other chemicals to control scaling 
and corrosion 

"4. demineralization resins." 



III. Changes in Qualities to be Considered 

In the memorandum, subject: Determinations of 

6. 

Benefits for Disposal of Dredged Materials Through 

Alternatives to Present Practices, which accompanied 

their letter of October 10, 1968 ttooGreeley and Hansen 

the Corps of Engineers supplied results obtained by the 

Great Lakes Research Center, U.S. Lake Survey, evaluating 

the effects of dredging and disposal on Lake Erie at 

Toledo, Ohio. A comparison was made between the contri¬ 

bution of pollutants from the Toledo area dredging pro¬ 

ject and from the estimated discharge from the Maumee 

River during the same 51-day period. These data are 

listed in Table 1. 

Also included in the memorandum were the basic data 

regarding the Corps' estimates of the effects on changes 

in water quality due to lake disposal of dredged spoil. 

The Corps obtained these changes by calculating the 

percentage buildup of the particular water quality 

characteristics listed in the University of Illinois 

report over the period of years for which records were 

available, dividing by the number of years to obtain the 

annual average increase, and taking 10 percent of this 

annual increase as the portion attributable to dredgings 

disposal. The Corps has assumed that a cessation of lake 



TABLE 1 

River Versus Spoil Contribution to Lake Erle 

at Toledo, Ohio, During Dredging Period 

1967 

Contribution to Lake (tbs.) Dredge/ 
Parameter_ by River by Dredge _River % 

Chloride 54,023,500 3,500 
Phosphate 3,608,000 200 
Nitrate 22,610,000 1,300 
Sulfate 177,513,000 15,100 
Calcium 54,841,300 4,900 
Magnesium 27,661,200 1,500 
Sodium 65,905,800 2,500 
Potassium 7,456,600 700 
Silica 6,734,900 400 

.0065 

.0061 

.0056 

.0085 

.0089 

.0053 

.0037 

.0088 

.0061 

TABLE 2 

Estimated Impairment in Raw Water Quality 

Due to Lake Disposal of Dredged Spoil 

Characteristics IncreaseT 

A. Municipal and Industrial Supplies 
" Turbidity- - - 

Chlorine Demand 
Total Extractable Organic 
Matter (or Threshold Odor 
Number) 

Total Plankton Mass 
Hardness 

0.04 
0.5 

0.8 TON 
1.0 
0.05 

B. Industrial Supplies Only 
Dissolved Solids- 
Dissolved Gases 

Slime Forming Organisms 

0.06 
0 (No data 

available) 
0.4 (No data 

available) 
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disposal of dredged spoil would result in an improvement 

in water quality by the same percentages. Table 2 indi¬ 

cates their estimated changes in the various water 

quality characteristics due to lake disposal of dredgings. 

It is our understanding that the Corps has arbitrarily 

overstated the quantitative changes in water quality so 

that calculated benefits (reduced water treatment costs) 

which might result from reversing such changes will be 

readily recognized as exaggerated and, in all probability, 

beyond those attainable or measurable in actual practice. 

There are no data available on changes of characteristics 

such as turbidity, plankton, chlorine demand, etc., that 

can be ascribed definitely and directly to disposal 

of dredged material. The quantitative tests performed 

on chloride, phosphate, nitrate, etc., shown in Table 1, 

may be taken as indications of the magnitude of the 

effect of dumping. We recognize that this information 

is limited and covers a very short period of time, but 

it remains the best available at this time. 

Among the harbors of the Great Lakes, the average 

annual quantity of maintenance dredging at Toledo is 

second only to that dredged at Cleveland, and the bottom 

sediments which must be removed at Toledo are among the 

most highly polluted. The most severe contribution from 
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dumping in the 51-day period covered by the data in 

Table 1 is for calcium in the amount of 0.0089 percent. 

The Corps' estimates given in Table 2 are greater than 

the results shown in Table 1, the smallest estimate in 

Table 2 being four times greater, and the largest esti¬ 

mate being about 100 times greater than the value for 

calcium in Table 1 (obtained by dividing 0.0089 into 

0.04 and 1.0 respectively). 

From the preceding, it becomes apparent that judg¬ 

ment must be used when arriving at the estimated changes 

in raw water quality. We believe the impairment per¬ 

centages listed in Table 2 are much higher than might 

reasonably be expected. It must be kept in mind that 

they are four to 100 times greater than indicated by the 

limited average information on quantitative changes due 

to disposal of dredgings at Toledo. 

The Corps of Engineers has requested that we calcu¬ 

late monetary benefits using two times and five times 

their estimates, but seeing that the estimates could be 

liberally overstated we believe the pursuance of 

these calculations would further exaggerate the results 

and would not be realistic or consistent with the 

known facts. 
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( 
IV. Study Plan 

It was proposed that the investigation would cover 

at least two municipal water supplies and three indus¬ 

trial water supplies on each of Lake Michigan and 

Lake Erie for a total of ten water supplies. Letters of 

inquiry enlisting cooperation were sent to the following 

on August 27, 1968: 

American Oil Company 

Buffalo Water Department 

Chicago Water Department 

Cleveland Water Department 

Commonwealth Edison Company 

Gary-Hobart Water Corporation 

Hammond Water Department 

Milwaukee Water Department 

Toledo Water Department 

The responses indicated an interest in the subject and a 

willingness to participate in the study. 

It was planned to obtain the local data (City of 

Chicago) and follow the methodology outlined in the 

University of Illinois report. If the correlations ex¬ 

isted and benefits could be calculated, an evaluation 

would be made of the results. Sizable dollar benefits 



would warrant a continuation of the investigation and 

gathering of data would be expanded to include the 

out-of-town sources. Accordingly, we obtained data from 

the City of Chicago Water Filtration Plants. 

V. Correlation of Data 

In the attempt to determine correlations between 

water quality characteristics and chemical dosages, the 

records at the Chicago South Water Filtration Plant (SWFP) 

were used since they were more complete than those at the 

relatively new Central Water Filtration Plant. The per¬ 

iod of study selected was from January, 1964, through 

August, 1968. 

The data assembled and used were the monthly average 

rates of dosage. It is our opinion that these provide 

more reliable information than the hour-to-hour or daily 

dosages, which are more subjected to operator's errors 

in judgment. The long-term effects and trends are better 

reflected in the monthly averages. 

Hardness. In view of the relatively constant hard¬ 

ness of Lake Michigan water coupled with the fact that 

softening is not a part of the treatment process, vari¬ 

ables numbers 5 and 6 (page 4: Total and Noncarbonate 

Hardness) were eliminated from the evaluations, with 
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the corresponding elimination of an attempt to establish 

the correlation between lime and total hardness and be¬ 

tween sooa ash and noncarbonate hardness. 

Plankton. As the plankton laboratory test results 

have a time lag of about 24 hours from the time of sampl¬ 

ing, they are used primarily as general information to 

establish patterns of occurrence. The plant operators 

make dosage changes based on judgment founded on such 

factors as season of year, water current direction and 

duration, wind direction and duration, water temperature 

and knowledge of the types and life cycles of various 

aquatic organisms. 

Attempts were made to establish relationships between 

the number of plankton in the raw water and the alum and 

ferrous sulfate dosages and the amount of wash water used 

at the SWFP. Figures 1, 2 and 3, indicating the average 

monthly plankton/ml versus the alum dosage, ferrous sul¬ 

fate dosage, and percent wash water used respectively, 

were plotted to establish relationships by inspection. 

As can be seen from these figures, however, no consistent 

or significant relationships are discernible. 

A statistical analysis by the least squares method 

was conducted to establish a linear correlation on these 

graphs. The coefficient of correlation for each graph 
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was so small, however, that no fit could be made. A 

perfect coefficient of correlation is 1.000, but, as can 

be noted from the graphs, the actual coefficients ranged 

from 0.158 to 0.272. It was therefore concluded that no 

relationship between the number of plankton/ml in the 

raw water and the dosages of alum, ferrous sulfate, and 

wash water could be established, and thus no monetary 

benefit could be calculated for an improvement in this 

water quality characteristic. 

Turbidity. Turbidity in water is caused by the 

presence of suspended matter such as clay, silt, finely 

divided organic matter, plankton, and other microscopic 

organisms. Turbidity is an expression of the optical 

property of the sample which causes light to be scattered 

and absorbed. It is not a direct equivalent of the amount 

of suspended matter, as the size, shape, and refractive 

index of the particulate materials are of most importance 

optically, but bear little direct relationship to the 

concentration and specific gravity of the suspended matter. 

Therefore, the magnitude of turbidity cannot be directly 

related to coagulant dosage. The nature or character 

of the turbidity is a major factor influencing the 

difficulty of its removal and has a greater effect on the 
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chemical dosage. For example, a very finely divided 

suspended matter is usually more difficult to coagulate 

than coarse particles. Other factors, such as the 

cation-exchange capacity of the particles of turbidity 

and the detention time in the mixing tanks, affect the 

coagulant dosage and further inhibit the establishment 

of a relationship. 

We did, however, attempt to establish relationships 

between the raw water turbidity and alum, ferrous sul¬ 

fate, and wash water. Figures 4, 5 and 6 indicate the 

results of these attempts. Since the points on these 

graphs were at least as greatly scattered as those in 

the case of plankton, it was our judgment that a statis¬ 

tical analysis on these graphs was not warranted. We 

concluded that no correlation could be established and 

that benefits could not be calculated. 

Chlorine Demand. The prechlorine dosage varies in 

direct proportion with the raw water chlorine demand. 

The postchlorine dosage is provided to maintain the pro¬ 

per residual as the finished water leaves the plant and 

is a nearly constant dosage rate, entirely independent 

of the prechlorine requirement. We have separated the 

post from prechlorine, and applied the benefits to the 

prechlorine total costs as a straight percentage savings. 
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t 
Threshold Odor Number. Standard operating rules for 

the correlation of threshold odor numbers (TON) and acti¬ 

vated carbon dosage are used at the Chicago Filtration 

plants, as follows: 

1. Minimum carbon dosage, regardless of type of 

odor, is 10 lbs./mil.gal. of water treated 

whenever there is a TON of 1. 

2. Nonhydrocarbon odors in any threshold odor 

number range require 10 lbs./TON/mil.gal. 

3. Hydrocarbon odors from 1 to 5 TON require 100 

lbs./mil.gal. 

4. Hydrocarbon odors from 5 to 10 TON require 

100 lbs./mil.gal. plus 15 lbs./T0N/mil.gal. 

for TON numbers above 5 and less than 10. 

5. Hydrocarbon odors above 10 TON require 175 

lbs./mil.gal. plus 10 Ibs./TON/mil.gal. 

above 10 TON. 

The annual reports of the past four years contain 

comments on the frequency and magnitude of hydrocarbon 

threshold odor numbers to the effect that they mainly 

occur in winter months (November, December, January, 

February). This coincides with periods in which dredged 

materials are not being dumped in the lake, so we used 
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the nonhydrocarbon rules in calculating monetary bene¬ 

fits. It was also noted that the maximum TON are 

usually the hydrocarbon type, especially at the SWFP. 

VI. Calculation of Benefits 

From the preceding section, it is seen that there 

is no correlation between wash water or coagulant and 

plankton or raw water turbidity. It is not feasible to 

calculate a benefit due to improvement in water quality 

through reduction in raw water turbidity and plankton. 

In 1967, chlorine costs (pre and post) for the 

Chicago water supply were $457,812, of which approxi* 

mately $286,400 was the cost of prechlorine dosage. A 

reduction of 0.5 percent chlorine demand would have 

resulted in savings of $1,432 for the year. 

The carbon costs for the same year were $759,000, 

so a reduction of 0.8 percent threshold odor number would 

have resulted in a direct savings of $6,072 for 1967. 

The total benefit for chlorine and carbon is $7,504, 

based on 1967 figures, while the total chemical costs for 

the Chicago water supply in 1967 was $2,466,347, or 

$6.27 per million gallons. A reduction in chemical costs 

of $7,504 amounts to an increment equal to 0.304 percent 
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t 
of the annual chemical costs, or about two cents per 

million gallons. As previously stated, this calculated 

benefit could be overstated from four to 100 times, 

making the amount of dollars negligible in the overall 

picture. If this is true for the largest treated munic¬ 

ipal water supply on the Great Lakes, we believe the 

total benefits to all water supplies cannot be signifi¬ 

cant. Of the total of Great Lakes municipal water 

supplies, the Chicago supply is roughly estimated to rep¬ 

resent one-third. 

VII. Conclusions 

A. The state of the art is not sufficiently ad¬ 

vanced to the place where testing and sampling pro¬ 

cedures permit the establishment of relationships between 

turbidity and plankton characteristics and chemical dosage 

or wash water quantity. 

B. Based on the improvements in raw water quality 

characteristics stated in Table 2, and present knowledge 

of the effects of chemical dosages on these characteris¬ 

tics, the benefits to the City of Chicago water in 

reduced chemical costs would have been about $7,500 in 

the year 1967 had the Corps of Engineers curtailed dis¬ 

posal of dredgings in Lake Michigan. 

( 
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C. Based on the measured effects of disposal of 

dredgings elsewhere, the benefit in Conclusion "B" may 

be overstated by a factor of four to 100 as previously 

discussed, i.e., the amount may be $75 to $1,900. 

D. It is our opinion that the costs of pursuing 

this study in further detail would exceed the calculable 

water supply benefits gained annually from the curtail¬ 

ment or termination of disposal of dredgings. 

VIII. Recommendations 

1. We recommend that the study be terminated at 

this point. 

2. In view of the limited information on which the 

benefits are based and the amount of judgment required 

in estimating the improvements in water quality, we 

recommend that extreme care be exercised when using the 

conclusions contained herein. 
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NORTH CENTRAL DIVISION, CORPS OF ENGINEERS 

936 SOUTH CLARK STREET 

CHICAGO, ILLINOIS 60605 

DEPARTMENT OF THE ARMY 

IN REPLY REFER TO 

NCDED 10 October I968 

Greeley & Hansen 

1^ East Jackson Street 

Chicago, Illinois 

ATTENTION: Mr. Robert Hall 

Dear Mr. Hall: 

This is in regard to your study on the evaluation of water 
supply benefits that would result from a cessation of lake 

disposal of harbor dredgings. The contract for the study 

specifies that the Corps of Engineers is to furnish the 

effects on raw water quality of the Corps' present practice 

of dumping dredgings in open-water lake-disposal areas. 

The effect on water quality parameters is certainly very 

small and can only be estimated from arbitrary assumptions. 
However, such assumptions are required for the study. 

The inclosed memorandum, subject: Determinations of Benefits 

for Disposal of Dredged Materials through Alternatives to 

Present Practices, presents our estimates of the effects, 

which are tabulated on page 6 of the memorandum. (Effects 

axe considered the same as water quality improvement due to 
alternative methods of disposal of polluted dredged material.) 

It is desired that your evaluation of benefits be based on 

these estimates of the effects. It is suggested that your 

study also include evaluations with the effects twice and 
five times the values shown in the table. 

In view of the uncertain nature of the estimates that we have 

made, we would appreciate any comments or suggestions that 
you may have. 

Sincerely yours, 

1 Incl. 

Memo. Authorized Representative of 

Contracting Officer, Alternate 



SUBJECT: Arbitrary Estimates of Effects on Raw Water Quality of Open-Lake 
Disposal of Harbor Dredgings 

REFERENCE: Feasibility of Evaluation of Benefits from Improved Great Lakes 

Water Quality, Special Report No. 2, University of minois, 
Water Resources Center, May I968 

!• Background Information. The University of Illinois report is based on 

the assumption that evaluation of benefits is feasible and that the first 

step in evaluating benefits is to determine the effect of the change on 

certain water quality characteristics at points of use. The feasibility 

of determining benefits will depend upon the success in identifying the 

changes in water quality due to dredge disposal at points of use. 

2. Suggested raw water quality parameters as listed in the University of 

Illinois report are shown in Table No. 1. Parameters normally recorded at 

the Chicago Water Filtration plant and the Wyandotte, Michigan Water 

Filtration plant axe also shown for purposes of comparison. 

3« A small amount of historical, data regarding raw water quality has 

been collected for the Chicago, Cleveland, and Wyandotte, Michigan areas; 

also some data from the FWPCA for Lake Erie. Certain data show a buildup 

of chlorides, sulfates, dissolved solids and coliform numbers. None of 

the data presents any information regarding the effects of open lake 

disposal of dredged material. 
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4. The Great Lakes Research Center, U. S. Lake Survey has prepared a 

preliminary report on Effects of Spoil Disposal at Toledo, Ohio. To 

illustrate the complexities in determining the effects of open lake 

dredge disposal on water quality of the Great Lakes, the following 

excerpts from the conclusions of this report have been tabulated as 

follows : 

a. The Maumee River as a major tributary and contributor of 

suspended solids in Lake Erie dominates. . . 

b. The extent of flow and composition of the river tended to mask 

the dredging and dumping effect. Turbidity is one parameter which should 

be prominent in the area of dredging. However, the turbidity levels in the 

river and bay were sufficiently high to mask most of the effect. 

c. Concentrations of the other ions measured in the disposal areas 

showed disposal effects in varying degrees. However, in all cases the 

effects were rapidly dissipated in the areas not strongly influenced by 

contributions from the river. 

d. There was little evidence, if any, of dredging effects on the 

adjacent stations in the river. Dumping effects were noted at the open- 

lake disposal area but were often minor when compared with contributions 

made by the river. In some instances it was difficult to separate the 

river effects from the effects of dumping. 

e. In an attempt to evaluate effects of dredging and disposal on 

lake Erie a comparison was made between that project in the Toledo area 

and the estimated discharge from the Maumee River during the 
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51-day period. Data is listed in the following tabic (Table No. 2): 

Table No. 2 River Versus Spoil Contribution to Lake Erie at Toledo, 

Ohio During Dredging Period - 1967 

Parameter 

Chloride 

Phosphate 

Nitrate 

Sulfate 

Calcium 

Magnesium 

Sodium 

Potassium 

Silica 

Contribution 

_by River 

54,023,500 

3,608,000 

22,610,000 

177,513,600 

54,841,300 

27,661,200 

65,905,800 

7,456,500 

6,734,900 

to Lake (lbs. ) 

by Dredge 

3.500 

200 

1,300 

15,100 

4,900 

1.500 

2,500 

700 

400 

Dredge/River 

.OO65# 

.0061# 

.0056$ 

.OO85# 

.OO8956 

.0053* 

.OO3756 

.OO8856 

.OO6156 

5. Personal observations from persons familiar with water quality at 

various locations in the Great Lakes have also been obtained. The 

consensus was that, although certain water-quality parameters have 

deteriorated over the years, no changes have been noted that could be 

specifically attributed to open-lake disposal of dredged material. 

6. Based on the preceding paragraphs it id apparent that lake disposal 

of dredged material has little effect on Great Lakes water quality at 

points of use such as municipal water intakes. Effects from dilution in 

the lakes, inflow of pollutants from sources other than dredge disposal, 

and the inadequacy of present day testing procedures are sufficient to 

mask any effects at water intakes, caused by present methods of dredgings 

disposal. 
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7. Arbitrary Estimates of Effects. As previously noted, the first step 

in evaluating water-supply benefits that may accrue from a cessation of 

open-water disposal of dredgings in the Great Lakes, is the determination 

of effects on raw water quality at points of use. The complexity of 

determining the effects of open-water disposal and the lack of data for 

a detailed study have been pointed out. 

8. It is considered, however, that arbitrary estimates of the effects 

are possible, such that the estimates would encompass (be greater than) 

any possible actual effects and thus provide a basis for determining 

water-supply benefits that would be on the liberal side but would be 

useful in considerations of the dredgings-disposal problem. 

9. For the arbitrary estimates, the parameters used are those listed in 

the University of Illinois report. Estimates for change are based on data 

pertaining to the water intakes of Chicago and Cleveland, and on some data 

obtained from the FWPCA regarding Lake Erie. The data, in general, show 

a buildup over the years for such parameters as sulfates, chlorides, 

chlorine dosage, and odor periods at Chicago; and coliform, dissolved 

solids and calcium for Lake Erie. 

10. Gross assumptions had to be made regarding the influence of open-lake 

dredgings disposal on raw-water quality at water intakes. The major portion 

of the historical data used for calculating changes in raw-water quality, 

pertains to the municipal water intakes of Chicago, Illinois and Cleveland, 

Ohio. It is recognized that indicated changes in raw-water quality at 

Chicago are not representative of changes at other intakes on Lake Michigan; 
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that indicated changes at Cleveland are not representative of changes at 

other intakes on Lake Erie; and further that changes on the two lakes are not 

the same. For purposes of the arbitrary estimates herein, however, data from 

the Chicago and Cleveland intakes were composited to arrive at values which 

are considered to represent changes that would be among the most severe to 

be found at any intakes in the Great Lakes. 

11. Arbitrarily percentage changes for the raw-water quality parameters 

listed in the University of Illinois report are tabulated in Table No. 3. 

TabelNo. 3 ~ Water Quality Parameters and Percent Increase Due to 

Lake Disposal of Dredge Spoil 

Municipal Water Supplies: 

Turbidity 

Chlorine Demand 

.0^ 

• 5# 
Total Extractable Organic Matter 
(or perhaps TON) .8$ TON 

1.0$ 

.05$ 

Total Plankton Masa 

Hardness 

Industrial: (Same as municipal plus the following:) 

Dissolved solids .06$ 

Dissolved gases o$ (No data available) 

Slime forming organisms .4$ " " " 

12. In general the preceding parameter percentage changes were obtained 

by calculating the percentage buildup of that certain parameter over the 

period of years for which records were available, dividing by the number 
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of years and arbitrarily taking 10# of this as the portion attributable to 

disposal of dredgings. Where no data was available for such as slime 

organisms, this percentage change was based on per cent change in coliforms. 




