
Estimated Costs of Facilities 


As discussed previously, designs for the model treatment systems 

were costed out in order to evaluate the economic impact of the 

proposed effluent limitations. The design considerations 

resulted in the generation of cost data which would be 

conservative. However, relatively conservative cost numbers are 

preferred for this type of general, economic analysis. 


Activated sludge followed by granular media filtration was used 

as the BPCTCA treatment system. The plant designs were varied to 

generate cost effectiveness data within each category. Activated 

carbon adsorption was used as the BATEA treatment. 


Capital and annual cost data were prepared for each of the 

proposed treatment systems. 


The capital costs were generated on a unit process basis, e.g. 

equalization, neutralization, etc. for all the proposed treatment 

systems. The following "percent add on" figures were applied to 

the total unit process costs in order to develop the total 

capital cost requirements: 


Percent of Unit 

Item Process Capital Cost 


Electrical 12 

Piping 15 

Instrumentation 8 

Site work 3 

Engineering Design and Construction 


Supervision Fees 15 

Construction Contingency 15 


Land costs were computed independently and added directly to the 

total capital costs. 


Annual costs were computed using the following cost basis: 


Item Cost Allocation 


Amortization ~0 percent of investment. 

Depreciation 5 year-straight line with zero salvage 

Operations and value. Includes labor and supervision, 

Maintenance chemicals sludge, hauling and disposal, 


insurance and taxes (computed at 2 per- 

cent of the capital cost), and maintenance 

(computed at 4 percent of the capital Cost). 


Power Based on $1.50/100 KWH for electrical 

power. 


The short term capitalization and depreciation write-off period 

is that which is presently acceptable under current Internal 

Revenue Service Regulations pertaining to industrial pollution 

control equipment. 
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All cost data were computed in terms,of August, 1971 dollars, 

which corresponds to an Engineering News Records (ENR) value of 

1580. 


The following is a qualitative as well as a quantitative 

discussion of.the possible effects that variations in treatment 

technology or design criteria could have on the total capital 

costs and annual Costs. 


Capital 

Technology or Design criteria Cost Differential 


I. Use aerated 	lagoons and sludge de- I. The cost reduction 

watering lagoons inplace of the could be to 70 percent 

proposed treatment system. of e~e proposed figures. 


2. Use earthern 	basins with a plastic 2. Cost reduction could 

liner in place of reinforced concrete be 10 to 15 percent of 

construction, and floating aerators the total cost. 

versus platform-mounted aerators 

with permanent-access walMways. 


3. Place alltreatment 	 tankage above 3. Cost savings would 

grade to minimize excavation, depend on the individual 

espcaially if a pumping station is situation. 

required inany case. Use all-steel 

tankage to minize capital cost. 


4. Minimize 	flowand maximize concen- 4. Cost differential 

trations through extensive in-plant would depend on a number 

recovery and water conservation, so of items, e.g. age of 

that other treatment technologies plant, accessibility to 

(e.g. incineration) may be economi- process piping, local air 

cally competitive. pollution standards, etc. 


The following table summarizes the general ranges of sludge 

quantities generated by small, medium, and large refineries in 

each subcategory. 


/
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Subcategory cu m/yr * cu yd/¥r 


Topping 2.3-15 3 - 20 

Low Cracking 76-380 i00 - 500 

High Cracking 380-2300 500 - 3000 

Petrochemical 460-3800 600 - 5000 

Lube 610-6900 800 - 9000 

Integrated 760-9200 i000 - 12000 


*wet-weight basis 


Particular plants within the petrochemical, lube, and integrated 

suhcategories may be amenable to sludge incineration because of 

the large quantities of sludge involved. For example, sludge 

incineration would reduce the previous quantities by about 90 

percent. Sludge cake is 80 percent water, which is evaporated 

during incineration, and more than half of the remaining (20 

percent) solids are thermally oxidized during incineration. 

Sludge incineration costs were not evaluated for those specific 

cases, because the particular economics depend to a large degree 

on the accessibility of a sanitary landfill and the relative 

associated hauling costs. 


The following discussion is presented to help visualize the 

complexities involved in evaluating cost effectiveness data. 

Every treatment system is composed of units whose design basis is 

primarily hydraulically dependent, organically dependent, or a 

combination of the two. The following is a list of the unit 

processes employed, and a breakdown of the design basis. 


Hydraulically Organically Hydraulically and 

Dependent Dependent Organically Dependent 


Pump station Thickener Aeration basin 

API separator Aerobic Digestor Oxygen transfer equipment 

Equalization Vacuum filter Air flotation Unit 

Neutralization 

Nutrient addition 

Sludge recycle pump 

Clarifier 


The annual cost associated with the hydraulically dependent unit 

processes is not a function of effluent level. On the other 

hand, the sizing of the organically dependent units should 

theoretically vary in direct proportion to the effluent level: 

e.g. reducing the BOD~ removal from 95 to 85 percent should 

reduce the sizes of the sludge handling equipment by 

approximately 10 percent. However, there are two complicating 

factors: 1) only a relatively few sizes of commercially available 

equipment; and 2) broad capacity ranges. These two factors, 

especially in regard to vacuum filters, tend to negate 

differentials in capital cost with decreasing treatment levels. 
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The relationship between design varying contaminant levels and 

the design of aeration basins and oxygen transfer equipment is 

somewhat more complex. The levels are dependent on the hydraulic 

flow, organic concentration, sludge :settleability, and the 

relationship between mixing and oxygen requirements. For 

example, to reach a particular effluent level, the waste water's 

organic removal kinetics will require a particular detention time 

at a given mixed-liquor concentration. The oxygen transfer 

capacity of the aerators may or may not be sufficient to keep the 

mixed liquor suspended solids in suspension within the aeration 
basin. Therefore, the required horsepower would be increased 
merely to fulfill a solids mixing requirement. Alternatively, 
the oxygen requirements may be such that the manufacturer's 

recommended minimum spacing and water depth requirements would 

require that the basin volume be increased to accommodate oxygen 

transfer requirements. 


Non-Water Quality Aspects 


The major nonwater quality consideration which may be associated 

with in-process control measures is the use of and alternative 

means of ultimate disposal of either liquid or solidwastes. As 

the process Raw Waste Load is reduced in volume, alternate 

disposal techniques such as incineration, ocean discharge, and 

deep-well injection are feasible. Recent regulations are tending 

to limit the applicability of ocean discharge and deep-well 

injection because of the potential long-term detrimental effects 

associated with these disposal procedures. Incineration may be a 

viable alternative for highly concentrated waste streams. 

However, associated air pollution and the need for auxiliary 

fuel, depending on the heating value of the waste, are 

considerations which must be evaluated on an individual basis for 

each use. Other nonwater quality aspects, such as noise levels, 

will not be perceptibly affected. Most refineries generate 

fairly high noise levels (85-95 dB(A)) within the battery limits 

because of equipment such as pumps, compressors, steam jets, 

flare ° stacks, etc. Equipment associated with in-process or end- 

of-pipe control systems would not add significantly to these 

levels. In some cases, substituting vacuum pumps for steam jets 

would in fact reduce plant noise levels. There are no 

radioactive nuclides used in the industry, other than in 

instrumentation. Thus no radiation problems will be expected. 

Compared to the odor emissions possible from other refinery 

sources, odors from the waste water treatment plants are not 

expected to create a significant problem. However, odors are 

possible from the waste water facilities, especially from the 

possible stripping of ammonia and sulfides in the air flotation 

units, and from accidental anaerobic conditions in biological 

facilities during upsets. 


The extra power required for waste water treatment and control 

systems is negligible compared to the total power requirements of 

the petroleum refining equipment. 
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