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to 82 percent SO 2 emission control efficiency at Site 1 to achieve the Class I PSD 

compliance. 
The assumption of the de minimus GEP stack height regulation crediting a 213 feet  

(65m) allowance for modeling purposes is shown in Figure 4.6.1-8 to not impose any 

serious design constraints at Site 23 for the Case lI scenario employing the Shell coal 

supply. Thus, an actual physical stack height of 213 feet  could be utilized for this 

scenario at Site 23 provided a greater than or equal to ?6.3 percent boiler SO 2 

emission control efficiency is maintained as also shown in Figure 4.6.1-8. Since the 

currently attainable or BACT baseline for borer SO 2 emission control for the Case II 

design utilizing the Shell coal supply is 84 percent, it can be concluded that SO 2 

Class I PSD compliance at Site 23 does not present a major potential environmental 

impact problem area for currently envisioned plant desiglt scenarios. 

Potential Environmental Impacts for Air Quality Particulate Matter Emissions: 

Site 1.. . . ._.  Since Billings, Montana, is currently a nonattainment area for particulates 

and a Class lI-designated air quality area for SO 2, these potential environmental 

impacts were evaluated for both the previously discussed ease design scenarios at 

candidate S.~te 1 for both the Westmoreland and Shell coal supplies. 

The terr~.in map for the preliminary air quality screening analysis Utilizing the 

VALLEY complex terrain air dispersion model for the Billings area with respect to a 

coal gasification plant lo~ated at Site I is shown ~aphieal ly  in Figure 4.6.1-9 and has 

been previously presented in Table 4.6.1-10. 

The results of the air quality dispersion analyses for potential SO 2 Class 1I PSD 

violations in the Billings area from candidate Site 1 scenarios confirmed that, for the 

most stringent or "worst case," Case 11 design scenario employing a Westmoreland 

coal supply and the fundamental assumptions for baseline SO 2 emission control 

effieienoies of 90 percent for boiler emissions and 98.6 percent for emissions from 

the vent gas incinerator with a physical stack height of 625 feet, the 24-hour SO 2 

Class T[ PSD ilmrement would not be exceeded. Table 4.6.1-6 shows that the 

altowable 24-hour SO 2 Class lI PSD increment is 91 ug/m 3, a factor of 18 higher than 

its Class I counterpart. 
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FIGURE 4.6.1-9 

CROW POWER PLANT FEASIBILITY STUDY: 

SITE 11 TERRAIN CONSIDERATIONS~ BILLINGS AREA 
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Areas in the United States, such as Billings in this study, that presently have lower 

ambient air quality for a pollutant, such as particulate matter, than specified in the 

National Ambient Air Quality Standards (NAAQS), as shown in Table 4.6.1-12, are 

designated by the EPA as nonattainment areas. However, it must recalled that 

particulate emissions from the plant are drastically reduced since an electrostatic 

precipitator (ESP), capable of achieving particulate matter removal effieieneies of 

99.7 pereent and in compliance with the NSPS requirement of 0.03 11) particulate 

matter/106 Btu, is specified as the major control or mitigation measure for the 

source particulate matter emissions emanating from the plant as previously 

presented in Tables 4.6.1.4 and 4.6.1-5 for the Case I and Case IT design scenarios 

utilizing Westmoreland coal and the Case ]I design utilizing the Shell ecal supplies. 

Using the same design basis as the previously described Case lI design with 

Westmoreland coal for the SO 2 Class 11 PSD increment analyses as the worst ease 

scenario, it was found that particulate matter concentrations at representative 

receptor locations in the Billings area would be less than 0.z ug/m 3. Pollutant 

concentrations of less than 0.1 ug/m 3 at a specific receptor location may be 

eonsidared insignEieant since the minimum level of precision for the VALLEY model 
in this type of analysis application is at least 0.1 ng/m 3 or greater. Additionally, 

field monitoring measurements of particulate matter increments would most 

certainly not exhibit greater precision than the analysis criterion. Therefore, based 

upon the results of the dispersion modeling, it is concluded that particulates 

emissions emanating from the presently conceived coal gasification plant design 

scenarios at Site 1 would not violate the nonattainment status for particulates in the 

Billings area and, hence, would not impose any seriously adverse environmental air 

quality impacts. 

Potential Environmental lmpaets fsr Air Quality Particulate Matter Emissions-- 

Site 23. A VALLEY dispersion modeling analysis of the potential impact of 

particulate matter emissions from the womt-ease Case II design scenario utilizing 

the Shell eoal feed was performed at candidate Site 23 to confirm compliance with 

the Class I PSD increment requirements for the Northern Cheyenne Reservation. 

Results indicate that 24-hour particulate matter concentrations at reeeptor locations 
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TABLE 4.6.1-12 

NATIONAL AMBIENT AIR QUALITY STANDARDS a 

(ug/m 3) 

Averaging Primary Seeondeey 
Pollutant Time Standard Standard 

SO 2 Annual 80  - -  

24 hour 365 
3 hour - -  1,300 

Particulate matter Annual 75 60 
24 hour 260 150 

NO x (as NO 2) Annual 100 100 

0 3 I hour 240 240 

C O  8 h o u r  1 0 , 0 0 0  1 0 , 0 0 8  

Lead Quarterly 1.6 1.6 

HC (non CH 4) 3 hour 160 b 160 b 

~ 40 CFR Part 50. Reference Condi.tiors = 760 mm Hg and 25 C. 
Not a standard| a guide to show achzevement of the 03 (ozone) stand~d. 
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L 
within the t~orthern Cheyenne Reservation would be less than 0.1 ng/m 3. Thus~ it  

may be concluded that the proposed Crow eoal gasification plant with an SNG 

production rate of 250 MM SCF/D would be in compliance with the Class I PSD 

particulate matter increment at Site 23, principally due to the stringent emission 

control invoked by an electrostatic precipitator with ~ 99.4 percent particulate 

removal efficiency which is presently considered as the upper limit for the control 

technology (BACT) within the time frame for this project. 

The potential environmental air quality impacts in the Site 23 area from particulate 

matter would arise from fugitive dusts from the nearby proposed Shell mining 

operation since Site 23 represents a potential "minemouth" siting opportunity as 

previously discussed. Hence, the primary mitigation meas~e recalling that 

compliance with the stringent Class I PSD increment for particulates with respect to 

the Northern Cheyenne Reservation is the major constraint, would be strict 

procedural control by properly implemented water spraying of "he affected mining 

areas and adjacent access roads to minimize potential dusting f~vm vehicular traffic 

and heavy mining equipment. However, it must be emphasized that Class I 
regulatory compliance in this instance would be the separate responsibility of Shell 

as the mine operator. 

:~' 
.¢ 

4.6.1.2 Mitigation MeRsures: Potential Air Quality Imvacts 

Primary emphasis on the mitigation of potential adverse sir quality impacts due to 

the proposed Crow coal gasification project has been placed on the implementation 

of engineered control devices within the plant design as shown schematically in 

Figures 4.6.1-10, 4.6.1-11, and 4.6.1-19 which represent, respectively, the final air 

emission process block flow diagrams for the Case I and Case H plant design 

seenarim utilizing the Westmoreland coat feed and the Case II design scenario 
employing Shell coal. Although the numerieal values cited in the figures reflect a 

nominal design production rate of 125 MM SCI~/D SNG for the half-size plant rating, 

they serve to illustrate the intended design implementation of control devices to 

mitigate the salient potential environmental impacts. 
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Since the primary control device for the mitigation of plant air particulate 

emissions, the ESP, presents a lesser potential problem area in terms of this project 

based upon the resutts of the dispersion air modeling resuits, major emphasis has 

centered on the selection of control devices to mitigate the SO 2 emissions emanating 

from the plant process units. 

Davy MeKee FGD Unit. An evaluation of four potentied vendor proposals fc~' a FGD 

unit to attain a 90 percent SO 2 emission control efficiency for the boiler plant with a 

Westmoreland cos1 feed and 84 percent SO 2 emission control efficiency utilizing the 

alternate coal supply from Shell was conducted by Fluor as discussed in detail in 

Volumes II and V of this report. Summarily, the proposed Davy MeKee FGD unit was 

selected primarily on the basis of process economics for purposes of this feasibility 

study. Additionally, ~.he Davy MeKee proposal was the only vendor to supply a firm 

price quotation for an FGD unit with SO 2 emission control effieiencies in excess of 

90 percent. 

The Davy S-H flue gas desulfurization process, shown in Figure 4.6.1-13, is a wet 
scrubbing process based on lime. Particulate removed with an electrostatic 

precipitator will be provided, as previously discussed, upstream of the PGD system. 

The Davy S-H process lies four main steps SO 2 absorption, oxidation, lime addition, 

and solids separation. Calcium ions in the form of calcium hydroxide, Ca(OH) 2, 

calcium formate, Ca(COOH) 2, and calcium chloride, CaC12, in a clear solution are 

used to absorb sulfur dioxide from the flue gas. The resultant intermediate, water 

soluble calcium bisulfite~ CA(HSO3), is then olddized to calcium sulfate dillydrate, 

CsSO 4 • 2H20, end precipitated from the system as a stable gypsum product. 
Cedeium ions lost with the gypsum are continuously replaced by the addition o£ 
calcium oxide, CaO. The gypsum is reeevered as a o~y filtex cake. A flue gas 

booster fan provides the energy required f ~  pressure losses through the FGD system. 
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The flue gas is contacted in the ROTOPART absorbers eoneurrently with a washing 

fluid containing Ca(OH)2, Ca(COOH) 2, and CaCI 2. The absorbed SO 2 reacts as 

follows to form Ca(HSO3) 2 which is water-  soluble: 

Ca +2 + 20H- + 2SO 2 ~ Ca +2 + ~.HSO 3" 

As OH- ions from the solution are consumed in the absorption of SO2, an abthldance 

of H + ions are made available. 

H20 ~----~ H + + OH" 

The pH of the solution drops rapidly to about 5.0. 

By reacting with H + ions to form formic acid, HCOOH, the formate ions se t  to 

control the pH drop, buffering the solution in the pH range 4.5 to 5.0, a range that  

assures formation of Ca(HSO3) 2. 

HCOO-+H + - - ~  HCOOH 

Equilibrium is shifted to the right as a result of excess H + ions. By controlling the 

drop in pH, a high SO 2 removal takes place in the pH range 4.0 to 5.8. 

After the formate ion concentration decreases, the buffering effect  is weakened and 

the pH of the scrubbing fluid drops to a pH of 4.0 which is the optimum for 

oxidation. No pH adjustment is required prior to oxidation. 

The ROTOPART absorber eonsists of one or more absorber tubes sized on a residence 

time/velocity cri teria basis. The velocity should be low enough to allow t ime for 

Ca(H$O3) 2 formation. The residence t ime must be low enough to prevent oxidation 

of the intermediate Ca(HSO3)9, to CaSO 4 • 9H20 due to oxygen in the flue gas. 

Washing fluid is introduced into each ROTOPART absorber tube by means of hollow 

cone spray nozzles arranged in one plan~ The absorbing tubes function as spray 
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chambers but have one or more water-shedding rings flow pressure drop Venturi 

throats) to increase velocity and direct the washing fluid back to the center of the 

duct, thus preventing it from running down the walls as an inactive film. 

The shedding rings increase the droplet surface area available for contact  and 

provide the intimate mixing of gas and liquid phases neeessary for mass transfer. 

The contact velocity and the  number of water shedding rings required are determined 

by the SO 2 content of the feed gas and the degree of desulfurization required. 

In the oxidizer, air is used to convert bisulfite ion to calcium sulfate dihydrate 

(rypsurn) crystals. 

Ca +2 + 2HSO 3- + 2H + + 20H- + 02 ~ CsSO 4 • 2H20 + 2H + + SO4-2 

The formation of sulfuric acid, H2SO 4, during oxidation further reduces the  pH of 

the solution from 4.0 to about 3.~. 

In the mixing channel~ slurried lime, Ca(OH)2, is added to the scrubbing fluid to 

replenish calcium ior~ comumed by the formation of gypsum in the oxidizer and to 

adjust the pH value to that  required for SO 2 absorption. 

Ca(OH) 2 ~ Ca +2 + 20H- 

and 

2HCOOH + Ca +2 + 20H- ~,~--- Ca +2 + 2HCOO- + 2H20 

The sulfuric acid formed in the oxidizer is converted into additional gypsum. 

2H + + 804"2 + Ca +2 + 20H" ..._---1- CaSO 4 • 2H20 

A small amount of formic acid is added to make up for losses of calcium formate in 

the wet filture cake produced downstream and for t races of ferrule acid vapor with 
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the flue gas from the ROTOPART. Turbulence in the mixing channel provides 

adequate mixing of the added ehemieals. 

The gypsum er~ta]s formed in the oxidizer and mixing channels are separated from 

the washin~ fluid in the thickener. The separation is achieved by reducing the fluid 

velocity below the solids settling velocity so that individual CsSO 4 • 2H20 crystals 

settle to the bottom. The crystals (10 to 30 percent slurry) are pumped from the 
bottom of the thickener to a vacuum filter. The vacuum filter produces a gypsum 

cake confining approximately 77 percent solids (23 percent free H20). The dry cake 

is a high grade gypsum (95 to 97 pexeent CaSe 4 • 2H20 with less than 0.5 percent 

c a s e  3 • 1/2H20). The filtrate is reeireulated to the thickener. The elect overflow 

from the top of the thickener is returned to the ROTOPAET as washing fluid which 

normatly provides a clnsed washing fluid loop. 

A lime storage and slaking system is provided to prepare and distribute the lime 

consumed by the process. A Hme day bin reeeivas lime from a Hme storage bin. A 

vibrating bin discharger feeds lime into a gravimetrie feeder which controls lime 

addition to the lime slaker. A combination of clean make-up water and washing fluid 

are used to slake the lime to a 10 to 20 percent Ca(OH) 2 slurry. A 15-minute buffer 

tank holds the lime slurry white it is pumped continuously to the 12-hour lime slurry 

surge tank. From the surge tank, the lime slurry is pumped to the mixing channel for 

mixing with the washing fluid. 

Equipment packages are also included for storage and distribution of the following 

chemicals. 

formie acid 

antifoulant (for pH measurement system), and 

flocculant (for use only with high fly ash particulate load). 
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Steam is listed as an import at 150 psig. Steam is used only during shutdown of a 

boiler or the FGD system to heat seal air for isolation ~ampers. Heating isolation 

dampers prevents acid mist condensation and subsequent corrosion on the metal 

damper surface. 

Lurgi Classification Process: Major Gaseous Emission Control Units. The major 

units within the Lurgi coal gasification process design as conceived by Fluor that 

serve as both product SNG purification units and gaseous emission control devices 

within the overall gasification process are the ADIP, Claus, SCOT, and Stratford 

units as presented in the process flow diagrams denoted as Figures 4.6.1-14, 4.6.1-15, 
4.6.1-16, and 4.6.1-17, respectively. Since these units constitute the principal 

substantiation of mitigation measures for reducing gaseous emissions to the ambient 

atmosphere from the gasification process a brief discussion of each proce~ is 

presented (detaiLed discussion appears in Volume It o~ this report). 

ADIP Process. The Shell ADIP process section, as shown in the process flow diagram 

denoted as Figure 4.1.6-14, employs a 25 to 35 percent aqueous solution of 

diisopropanolamine (DIPA) to selectively absorb the hydrogen sulfide (H2S) gas 

stream discharged by the Rectisol process. Regeneration of this solution through the 

application of heat releases a concentrated H2S gas suitable for operation of the 

Claus unit. 

Claus Unit. The process flow diagram as shown in ~igure 4.6.1-15 accepts process 

gas from the previously described ADIP section of the plant. A "split-stream" Claus 

process is employed as shown in the above process flow diagram and is typical of 

most coal conversion processes since the a~id gas stream produced as a result of the 

aforementioned treatment generally will contain CO 2 in excess of 30 percent. In the 

split-stream process, the acid gas is split into two streams, one of which enters the 

combustion or reaction furnace (19HT-D21 in Figure 4.6.1-15) where H2S is oxidized 

to SO 2 using an approximately stoichiometrie quantity of air. Hot gases enter the 

combustion furnace where enough residence time is provided to allow for the Claus 

reaction to reach equilibrium. The gas is then passed through a waste heat boiler 

(19E-0121, Figure 4.6.1-1S) where the elemental sulfur produced is removed. The 

product gas from the combustion reaction is then combined with the "uncombusted" 
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portion of the original input stream. The combined stream is then passed through a 

series of  three reheater (19HT-0122, 19HT-0123, and 19HT-0124 in Figure 4.6.1-15) 

and vatalytic converte~ stages (19RE-0121, 19R£-0122, and 19RE-0123) stages to 

recover about 23 pereant of the sulfur that entered the Claus unit in the original 

feed stream. The tail gas stream then enters the SCOT section of the process as 

illustrated in Figure 4.6.1-15. Typical gas composition for the feed stream and taft 
gas stream for typical operating temperatures and pressures, and employing a split- 
flow mode Claus unit, are presented in Table 4.6.1-14. 

SCOT Section. The Claus plant tail gas is combined with air from the sulfur 

recovery stream from the Claus unit and hydrogen reducing gas, from the H 2 

produetion unit (25) within the p!ant and heated in the SCOT section furnace (19HT- 

0~31) as shown in Figure 4.6.1-16. The exit gas from the SCOT furnace then enters 

the SCOT reactor (19RE-0131 in Figure 4.6.1-16) where catalytic reduction of the 

sulfur species to H2S is effected by means of  a .,jobalt/molybdate catalyst followed 

by removal and recovery of the H2S in an alka~olamine (typiealty 
diisopropanolamine) scrubbing system (~ueneh Column, 19VL-0131 in Figure 
4.6.1-16). The SCOT tailgas is then sent to the suttury recovery section of the 
Stretford unit. 

Stretford Unit. A tot-] of six gas streams are processed through the Stretford unit 

prior to entering the vent gas incinerator (process steam superheating) and 

subsequent gaseous emission from the coal gasifi.~tton plant to the ambient 

atmosphere. The aforementioned gas streams include the following~ H2S lean gas 

from the Rectisol unit, sour gas from the Naptha Hydrotreatiug unit, off gas from 
ammonia recovery, expansion gas from the Gas Liquor Separation unit, off  gas from 

sulfur reeovery within the ADIP section and tail gas from sulfur recovery within the 
SCOT section, as shown in the process flow diagram for the Stretford unit, Figure 

4.6.1-17. 

The combined raw gas stream is contacted countercurrently with the "Stretford 

solution," an aqueous solution of ADA (anthraquinone disulfonie acid), vanadium, 

anhydrous citric acid, and sodium carbonate. H2S in the gas is oxidized to elemental 
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TABLE 4.6.1-14 

SPLIT FLOW MODE CLAUS FEED AND TAIL GAS DATA a 

Component 

Feed Stream Ta~l Gas Stream 
Stream 1 Stream 3 
Mole % Mole% 

COS -- 0.09 

H2S 19.72 0.26 

SO 2 --  0.!0 

CO 2 78.68 65.04 

N 2 0.56 34.34 

C 1 0.66 -- 

C 2 0.12 0.19 

C 3 0.08 0.03 

C 4 0.18 --  

C4 + --  - -  

Temperature  313°K (105°F) 805°K (990°F) 

Pressure 0.16 MPa 0.10 MPa 
(8.1 psig) (0.1 psig) 

aData were se lec ted  to represent Claus performance on low-H2S, high-CO 2 gases 
which would be encountered in coal gasification applications. 

Souree~ Draft Standards Support and Environmental  Impact  S ta tement .  Volume h 
Proposed Standards of Performance for Lurgi Coal Gasification Plants,  EPA, 
November 1976. 
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sulfur by the vanadio salt white the salt is reduced to vanadous form. 

The reactions involved are: 

in the absorber and 

H2S + Na2CO 3 NariS + NaHCO 3 

4NaVO 3 + 2Naris + 2H20 

and 

Na2V409 + 2S + 4NaOH 

Na2V409 + 2NaOH + H20 + 2ADA ~ 4NaVO 3 + 2ADA (reduced) 

in the holding tank. The reduced Hquor ~lows to the oxidizers (19VL-0141 in Figure 

4.6.1-17) where the vanadium is restored to the vanadie form by a redox reaction 

with the ADA. Air is blown through the oxidizers to reoxidize the ADA and separate 

the sulfur by froth flotation. This reaction is: 

~ADA (reduced) + 02 - - ~  2ADA + H20 

The sulfur float is sent to a centrifuge and separator where the product sulfur (99.5 

percent purity) is obtained. Side reactions involving HCN and other (than H2S) sulfur 

and nitrogen eompoands •require that a portion of the solution be blown down to 

prevent buildup of these contaminants. 

Process Steam Superheatinp~ (Vent Gas Incinerator). The exit gas from the Stretford 

unit, containing approximately 1.4 weight percent sulfur, enters the process steam 

superheating unit or vent gas incinerator where the remaining sulfur is oxidized to 

SO 2. As previously noted in Tables 4.6.1-8 and 4.6.1-9, air emissions data for the 

selected design scenarios employing the Westmoreland and Shell coal feeds, 

respectively, the vent gas incinerators also incorporate special burners to limit NO x 
and hydrocarbon gaseous emissions from the Lurgi gasification process as previously 
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demonstrated in Table 4.4.1-1, Seetion 4.5ol. Summeri/y, the aforementioned SO 2 

emission control devices result in high 80 2 emission control effieieneies of 98.7 
percent or greater for both coat feeds and all design scenarios analyzed in the 

feasibility study. Thus, it is eoneluded that BACT for the Lurgi coal gasification 

units will effect  exeellent mitigation of potential gaseous emissions of the major 

pollutants. The mitigation mensm'es to reduce NO x and partieulate emissions also 
drastically reduce the potential adverse imparts from visibility impairment since 
these two pollutants are the major contributors to visib~ity degradation from coal 

combustion process plants. 

4.6.2 water Resources Impact Assessment 

Potential water-related environmental imparts to the Crow Reservation due to the 

operation of the proposed coal gasification facility may be related to impaets 

associated with possible disturbance to both quantity and quality of the water 
resource within reservation boundaries. 

4.6.2.1 Water Quantity 

Althongh the final process design for this feasibility study is based upon a SNG 

produotion rate of I25 MM SCF/D, the water requirements for the facility must 

ultimately be prefaced upon upgrading the plmtt to the 250 MM SCF/D SNG 

production rate. For the higher SNG produotion rate, plant water requirements 
dictate a firm plant str~ply flow rate of 14,000 gpm (31 efs). Since the Yenowtail 

Reservoir (Bighorn Lake) and the Bighorn River currently eonstitute the only 

regulated supply of water on the reservation that will satisfy the design requirements 

on a oont/nuing basis~ the withdrawal of approximately 30,500 ae-ft/yr (332 plant 
operating days per calendar year) represents the only potential environmental impart 

from the operation of the proposed coal gasifieafion plant on the surface water and 
groundwater resources with respect to overaU reservation water budget or 

inventories at any of the proposed candidate siting areas. 
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The other major drainages on the Crow Reservation--the Little Bighorn Eiver and 

PrTor Creek--are presently unregulated and, hence, could not meet the plant 

requirements during the minimum or low natural discharge rates oecu~ing on a 

yearly seasonal basis (discussed earlier in the environmental baseline description of 

the water resources in Section 4.1.3). 

4.6.2.2 Water Quality Impacts Assessment 

Potential adverse water quality impacts to the Crow Reservation and the surrounding 

environs from the operation of the proposed Crow synfue]s plant are closely 

interrelated to the properly implemented mitigation of the ~iqttids and solids process 

waste residues. As previously inferred, the engineering design of the facility is 

predicated upon zero liquid discharge; i.e., having no direct discharge of liquid waste 

effluents to surface waters or groundwaters within the areas of the two selected 

candidate sites, Site 1 and Site 23. Hence, the major mitigation measures to 

preclude potential water quality impacts evolve quite naturally around the basic 

design of the process water management system regardless of the siting area as 

shown in the bloek flow diagram in Figure 4.6.2-1 and as discussed in greater detail 

in Volume H of this report. It must be emphasized that the process design details 

shown for the water management system are representative of the base case design 

for a production rate of 125 MM SCF/D SNG. The capability of water soluble ions or 

compounds to migrate or be transported externalZy from the immediate area of the 

plant site is dependent on (1) their increased mobility in the liquid (aqueous) state 

and (2) a continuous transport linkage, the liquid pathway in this instance, to an area 

of potential environmental impact. 

Therefore, the anei]lary containment features incorporated into the design of the 

external l/quid-solid and solid process waste effluents constitute the primary 

mitigation measure necessary to prevent liquid contaminant migration into either 

surface waters or groundwaters. Thus the design philosophy of mitigation by 

containment either eliminates or minimizes one of the two conditions necessary to 

produce the contaminant transfer mechanism. 
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C 
All water and process liquid waste effluents for the Crow synfuels plant a r e  stored in 

a series of ponds located within the completely fenced plant siting areas as shown in 
Figures 4.6.2-2 and 4.6.2-3 for eandidate sites I and 23, respectively. The details of 

the pond construction pertinent to the postulated liquid containment design approach 

are summarized in Table 4.6.2-1. The pond lining system details are iUustrated in 

Figuces 4.6.2-4 through 4.6.2-8. 

The largest of the ponds (about 48 acres) in Teble 4.6.2-1 and the recipient of the 

majority of potentially hazardous process liquid waste effluents, the solar 

evaporation pond, has the lining system shown as "Detail D" in Figure 4.6.2-5. The 

100 rail high density polyethylene (HDPE) inner lining is followed by a 6-in. 

(minimum) thick c~ainaffe course, an additional 18-in. thick compacted clay liner and, 

finally, a compacted subgrade. Thus, the evaporation pond lininff system 

incorporates, effectively, a multilayar containment barrier or, reposed of relatively 

impervious lining materiels, HDPE, and clay. 

The other smaller repositories of possibly hazardous liquid waste effluents ore 

outlined in Table 4.6.2-1. The wastewater equalization pond, the treated effluent 

pond, the diversion box and pond, and the oily stormwater pond ~ incorporate the 

foregoing lining system design. 

Additional mitigation measures incorporated in the pond design include design 

provisions for adequate freeboard and pond embankment side slope to preclude 

potential surface runoff of the stored liquid waste effluents as a consequence of 

inadvertent natural occurrences such as tornadoes, heavy storms, or floods. The 

evaporation pond, for example, has a designated freeboard of 4 feet and a pond 

embankment slope of 3:1 as presented in Table 4.6.2-1 and Figures 4.6.2-7 and 

4.6.2-8. 

Provisions for leakage deteofion are also included in pond design for all the 

aforementioned possibly hazardous liquid waste storage repositories if the integrity 

of the lining system should be circumvented for any reason. Typical leakage 

detection details for the ponds, shown in Figure 4.6.2-6, would afford the plant 

4-316 

i I i 

U l t l  0 1 1 0 1 $ C L , ~ d I ~  OF RY, P=IU D A T A  

IS SUIUCL'? 11 M ItS'Vlll~lOll Oft 1141 

i i m 

ml- 

!+ 

u 



H 

ii' ~ 

[ : 
I • 

I BIGNCII~ 
I~V[n m,T[R 

STDR~G~ 
PONO 

1 'COLO C~10. 

VAO.IUM 
COI~H~tT 

L.P. 
I:~I~NSATt: 

l P91THT. OZl.lr L 414 
LoP. C~ID. I 

1 6:';~ I 
64: 

. . . . . . . . .  "1 POTADLE 

DU.Onlmn, l : ~  I " ~ - ' - ~  ;T£M 
f l  " - ~ - -  

I 

I 
! 

F I L ' t l U ' | ' -  1 i O... ,  

"~ J i ;1 r°j i 

; 
.~.~o,,...~--.,- 

I 

~- . . . . . . . .  , . . . . .  T . . . . . . . . . . .  I 

=6 i ;  I 

i 

I * !  , "1 

; I 
C O , ~ E H S ~  

t . . . . . . . . . . . . . . . . . . . . .  ,.~ | TR~'A'rI,~NT $ 
~.oa ul 

I 

-___] j i t CD~lD(I,~.k'rl~ 
l _ - , l lm, , , , ,m! ~ . I ~ R  

i 

! - - t 

• ~1 i :1 "1 
4, W ' " - - ' - " " ' - -  

" 

I .o, ~ T ~ J  i = - o  I C:~Dr~N~AI£ S T ~  I~H~ ! S1~u~ T ~  

114 

6 



' Illl'llllllllllll~lllliillll.i.iilll.lil.lllllllllil.l. 

RAW WAT[R 

i • 

l H l l l l l n  

, I 

, ? ! 

i 

] 

P~SS I 

H ~ .  II 
(551 

h 3  

"L 
i 

- ° . . I ° i ,  
• ,4, l 
i 

CO~(l~tl~ 
Pm ll,l~|! 

I STCItl~ T~I41 I 

COHOENSkTE I 
TREATMENT SYSTE%I 

I 

I1|1 - 134) 

I 

i 
I 

z i 
' i 
! i 

! 

I I 
.... J I 

R('JECT 31fg I 
I 
I 
I 

1.111 I 
r" . . . . . . . . . . .  -J 

l 
I 
I 
I 

F I LTRATIION, 

~L 

,4CT. ~ I 

~IS 

L . - . -  

CAT I I ) l l l~ l  (1~ 

i 

i 

WX[O 8£D 

I 

i DI[J~I ~ER. raTER 

34ll 
I 1QIil 

B . F . ~ .  i 
TREATMENT i 

i 
! 

i 
| 

! 

! 

! 

I 

I 
LOl ! i 

1 
! 

! 

! 

t 

I50O4~OI~QIIO0 II.~I ! 

IC 

$T 

?-. 

H I ~  3 ?  

II|I 

r 

I l l  

e ~ L  13111 . ] 

COIl, I ~  • 
J I,~ 8 i 

IAT~I I I OILY w.Tr~ 

ol  

I 

e r  ~F  ~l ; 

r 

S ? ~  ~ 1 ' ~  t ,v  

L 
I~rlLIl l  [ 
TQIEI~ 

r : ~ l ~  . . . . .  

; . , s  ! . ,4 

2 1 S  

i 

! 

U. C. T...~_~E 
REJECT 

FILTIU?I~t.~ ~ O,l. 

i 

I l l 4  
i l i l l  

, 4 6 1  

~'- (36!1 s 

• :7!  

.? 



o I o,L, I i~. ; z - - - ~  '~+'* , 
! + ~  . . . .  ~ . . . . .  . . . . . .  ,., 
i":°'~'" l..,P-I o..,,,,+.,., i + o,.Y ,,,+,,Tin, 

~+J ~ a I 

+ ', + 

~ I + $ 0 ~ W E O  +. , l l~  . 
~FLOTATIOH ~ J + 

: zt~ 4z~ 
I I  . . . . .  I m l l l ~ l ~ l ~ l l l l i ~ l l *  

"~" 34 
.I). {O) 

~ o  mt~T emsscs 

l l ~ l l  " 1 1 1  • 1 1 1  * 1 1 1 1 1  * I l l .  1 1 ~ 1 1  

-'1" e t . o v ~ o w  e, mcvmms[ o s m o s i s  
ECT STREAk~S TREATMEKT SYSTEM 
!,~;, 

i , 

i o 
i 

• ~ 

h 

g 

' , 11+I 

SUSF 

"W 
q l l  

EvdzPm&l*10~ A~ OR|F? L'.~¢S[~ 43C ¢, 
4S|3 12-~6" 

1 3 0  

TOWER MAKE'UP 
WATER TREATMEHT : 

ar V k . ' s ~ ~ V E R S C  
CRYST~LLI2ER ~ 0 S V 0 S I S  

i _ ~ , 1 2 4 1 5 1  I 

[" ~ I 
I 

I 
i 

Srl~lUU 
?PIt~.l'l~ 

i : 

! +[-- 
F | L I l l A T l ~ I 4 .  
J l , ~ r .  r . , l . t l q ~ l ~  

I 
L , . . ~ . - - , . _ . - - . ~ o o  

+j 
i s,~ i 
i 

6 , ~ .  AS, D .  

,., | 

P,C.T, 1 IK.b'lO0m 

! 
| 
I 

i I ~-""r'm + . . . . ] " L ' ~ ~  , J i  
P.C.T. 5! :~S~TK~.a~ ~.+~ 

• ,,~) 8 ~  "F 
TREATUEKT S~. S .'-"u 

l + l ~ l  

41,  • 
+ , .  

4 

~I- mm 
: 341~J 

NOTES~ 
I • aLL FI.Cm RATES |N ~iI.Lq~S I 
2. N, IU~RS II'mo.'T PLL~NSH[S~, 

kU~LrRS I~IOE @~CN~SI~S 
DIFFERENT IrlqOM S4,1M~IITiiCMq 

3 ,  ~ e'Je<lS IM~.I,IO~S 

4, HI~ IS FOR HIG~ TDS WASTE, 
ti. Lit'. 15 trOR OJU~I,t.SHo 
O. 6.0. I$ Fm li;.O~Gm~. 
?, OCJ~l~ IIKTCR• III0 ~ Or I 

' 4 ~ " I t l t A  1 4 ' 0 1 . O I m O  P O s O  l e ~ q  t o  I 

. . . .  !i; ¸ . /  

+~+~!i i(i~ ̧ i~ 

~ i~ ~ . • , ,  . 

I 
r ~ 

. . . .  : ~ +  • 

• . t  • • • 

, • + • .+: 
/ ] 

:i~ii• i ~;I '+i 
mm 

I I  q 

I 
; - ;  'i ~ i 

• . * 



J: 
c 

P.O.T.  
IMXr-Up 

P ine  

" = ~ . 1 _  ''~ !'i 

!_"'--..  I 
i 

S ~ T E ~ R  

i 

F~LllIATICN. 
A¢7. r ~  * 23TI 

I 

r 

v 

SANITARY WASTE 
TREATMENT SYSTEM 

! 

i 
! 

! 

I 

t 

I 

I 

I 

I 

: I 
I 

'1 

I ~IlH 

I ~,IAffICMIOH 

[~U;R INATIO~ 

I ~  F ILIR,ITICN* 

I 

i.-.+:_.:._.:_.+ . . . . . . . . . . .  . . . . . . . .  ! 

u ~ ,, , 

I 

I 
• 4Tq 

i 

I2IISI I ~ IK IQIII 

i 
! 
] I~'JZ3) 

! 221;~ 

i 2411 
i 12~n ) 

[ 

I ¢S4~ 

J c~oR:.,,, i 
LJ 

8IOLOG [CALLY ACTIVATED 
SLUDGE TREATMENT SYSTEM 

f241 

I I , - - - - - - -  

c d 

t4,T~ C~I.L|C'II~ 
SUMI 

S L ~  
r ~  

I 
I 

i 

I 

i • 

! 

i : 

I : 

I 
! 

i 

I 
i 

I 

IL  4 I INC|H~?OR , 

J 

IIIIF 

IIIICUT lAIq[~l'HlSIS 11~ IrOkq SUS4ERlli~ ¢A~I 
II~lO~. leA,~I~NYH[~S JLI~ F01 lelNIERTIM[ C&S[ I f  

(1 r ~  su"urltTt ur c~sr.. 
'OSMOSIS I~CI,UOCS ul~ r t L T ~ l l m ,  
F ~  HIOt  I~$  lAST[, LOI IS FOR LOI TDS I ra tE ,  Im...I , .  

FM ILOaOOIN, 
ell(lilt. IllO ~ Or lA?;*ll IS S1~[O IN IN[ [XI~SS I ' - ' X ' ~ -  
N.OIIG P(~D F ~  tO oJ'ts wo~q LASER USa~C[. 

1 

i l l  

;'T II~'~41 t o n i  

2 
~ 

E1 

. I I I  m l ] I  l i l o n | &  IM I I * l  MI II ~ I I I ~ I I  l N ~ i s t  * _,i~ ,,,,.,.,,t..i,.,~,.~ _ _  

~ ~ . :  ~.~' , ~ . ~  ~.'~,, ~ ' , , "  ".~.,.~ ~,~Lh...~,.~: . _ _ ~ _ ~ ,  



.= 

I 
I 
I 

C A .  ~ 

' I 

ITARY WASTE F 
TMENT SYSTEM r 

~ - I  : I l l l i i ,  l lATl l~ I ~ I l l l l l  

- I ~ . 1  ~,~li, B ] OLOGI C .LL  y ACTI V,I, TEI) 
T SLUDGE TREATM~I'JT SYSTEv 

. . . . . . .  

------4--. 

115 

I 
L . . . . . . . . . . . . . . . . .  j i J 

I 
i r - . - - - L - - 1  i . , ,  [ ~ , ~  [ . , ,  ' 
t ± DClRII~TIII~ ! , 

I l l l ! l '  I ~ ' I "  l I l l l l l  I ) I 

L . . . . . . . . .  J 

8 

! 
! 

I 
' ! 

I ,,.~o. I! 

I 

I 

~u I 
,z . I  I1' i 

• I.,~ ~. ~'  

am f 

'7  a!~ , 

~. L _- . . . . .  j 

! 

I 

I 
J 

~_ ,, I l l  II. I ~ 1 

= - - - -  
• I I I / I I  l A B  IR, I~1 T[ ' - -  D I AGRAM I~ 

.Et  r L U U N  ! ~ ~  . . . .  ~ ~ ~ , - ~  i_ = 
j ' ~ ' . u " o ' '  CA " 0 , m u L = o m ~ . = , , q u . r m m n ~ . l , , , ~ t  . . . .  . . -  SE- WESTMORELANO COACOAL " 4OI  F I N r S  - I ~ , ~  I | n I l I l l l l  I l l  till B l l l t  I II,~l I I  II IIIIIIIIU,IIII i ~II t •  o U~ t l l f , ~ ' l ~ |  pt,~l,lROIl TRIIIi Or INII lUN~ $?k~Ul~$ rlA$1111ll : l  S','~, I ~ 

I ~ . m u *  . . . .  . . . . . . .  ~ . , . ~ m , . } . - -  " ~ M I T k l C  I 8 3 5 7 0 4  O 0  R I 0 2  "1.% 
i i I 

I 

1221? I ~  I IIRIFll 1Ofcu!i / 

~ ~ 1 "  I q , g  UTII.IIr¥ 
IL~TIR 1 

~ 4 ° " :+ ~ ~ 

• • • 7 , 

i ~ i ; ~ ' , '  ~ ~ / 

~ • i ~ 

: . . . .  i 
~{ ;" / i 

: ,  : 4 :  

k 

i~ ~, .... .~ i ~ 

m 

~i ~,I : i :  

, i ! t i~ ; ~ 

' x  :;~ 7 ! /  
/ ~ . / x ,  • 

q 

~!~ i ~ ,ii L i/!! i; 

: ": ! ! / . :  I 



• i i  i~ !i ~' 

/ i - i  ~I:~ , 

t 

, • ~' ~ ~i ~ 

L/i<i / :  : 
[ • • 

:IILI~ i-: ~ ~i 

: :  ':. . . . .  • 

,~1~. ~ 

/ 

L • / 
..:.u ,, :~, 

• i 

i>!.. 

• ,  : . • .  

~ : . i ".; 

. . .  . ~ .  , 

l tw-  

! 

g -  

) A S H  D I S P O S A L  
S E E  D W ~ ,  0 0 - 5 '  

i 

3 +,+,+,+,+,+,+,+,+,~ ~ 0 . . . .  - ~ . _ .  

3-140 . 

I I ~ # II 
I \ I 

~ ~ , 

| 
ITE . " \ . . . . - ' " ~  
g4 ,*JJ 4~0' 

/ 
t 

• ~: 

i VERED GONVEYOR 

3,~p 0 I 
• . . .  " • , , r . - - ~  

I , ,  

• ~Av,=o .0^o 

~0 

% 

it" 
/ 
i 
l 

t I A R H  L O A N I N G .  

GOAL UNL I )AOIH I  

, .  ,,*P 

R E L O G A T E D  G&O L INE- - -  

t. 

• %%%%% 

• -.... ~S40"-- 

" ~ . . . .  
j ~  t ' ' * ' . .  

, "~`1.~. HPFS 3 3 4 5  

I ~ m ~  " ~ ,  I qJ . - 

8 H O P 8  A N D  

""'-" " " " " " "  ~4~' ; ~- ' - ' t l /  I",1 . . . . . . . . .  , 
~ ~ | 

H P F 8  ~ . -  
I 
I 141 

. . . . .  

I p..~ 
I ?I E I d | R G E N G Y  . .  

A S H  8 T O R A Q  I: 

' J l '  

' " ~ . - J -  R 
* I-"-.[I .:' ! 

/ /  

/ 

lAD ~ !  COAt. GTORAnE 

~ssss~ 
,- 

I 
I,  I 

• ! 

I 

I I 
L - - J  

I 

, " ' H P F $  

t 

IOILI[R 

I _ _  ~ - .  

T | N G  r l A 6  
B ~  RELOC 

t 

j-3S41~ 

t , . j ,  

N O T ~  T H |  | ~ W I ~ Q  WAG U |  P ~  H ~ C O l T  | I T I ~ T ~ . ~  
1 1 ~  K G ;  U ~O.WQ.~ i IG?04-0~S i -~O)  W A I  
AT A LA~I~R DA2~[ AND m NOT FH[FU[GTI[D 1~ ~ 4 M  DRAW~q~. 

/ 

# 

p~ 

IIOILIA I T J  

IHmlUlgl I 

I I" "!...-.I 
IIPFS 

:'= ='"I I 

+ . 

GAS LINE: 
;LOQATED 

t: L 



I 

PENCE LINE 

I 

" - - I  • ! 
!.m m ~. " I 
i / 
. . I  

1 

; I 
I I C O N D A R Y  PLAN~ ENIR~ I 

O A T i  HO U~ ~ I ~  

r.% I 

" /  
I 

RAW W A T E R  S T O R A G E  POND I 

HPFS ,;'335 " "'" S 

**% 

. - .  - - -  

: i 

i i 
I 

.k 

b 

t 

t l l i l  

4 I 

. . . . . .  , ill , , , ,  ,G ~ F ~ , '  i I o= 

I t  
: I i  ~. 

' '  I : ; ' - - : I  " : 1  

L ~  

LINE I 

I 

I I I  I I 
I = :  : ~ . . . - -  / I :  = =  =:, I / I  

I . ' ' 1  ' ' L__:! p ~ :  
J '  J I = . - - - -  , 

r . 

/ 

""I'-%o 
t, 

d R I ~ L O C , t T I O  

is  
, , , o  

HPPL 

. , ~ , ~  :,~.:. 

s ~ v 

\, ! / /  
% ' 

Ii =" = t " °  i! ° HF~ 

i 0 

i l -  

q l  

, . . j .  . . . . .  , 

t 

L I S T  O F  U N I T S  

t l  C¢ S H I : "  

12 l i l l y  441 C @ 2 ; ' ~ 3  

11 I I | ( :T I$=~ 

t$ ~AI/ CISTILI,~ A TI~ q 

l i  &AS1411*& ~ V C Q ~ T I I [ s T  q.% 

11 AMMOItI& R E C O V E r *  

'is IULrU~ NG¢OVE~- 

21 NETH&~U~ 8 ~ q T m [ l l ~  

I |  HETNA~4 T ICk  

21 I q ~  P U R I F I C I T I ~ N  & ¢ { i l l { l ~ l ~  

|4  PAIITI&L O I I U & T I O q  

IS ~TOROGIN PQO0~CTIQ ' *  

40 GX?U~N PROOUCTIQ~ 

41 I ~ [ A U  n I A E R & T I 0 4  

4~ POWER O I N E N S T I Q ~  

4~ ilLUE CI&R U I [ I U L I ~ U I I I = A T I : t  

44 RAm WATGR TREATl l IG  

4S 8F~  & C O N D E b I A T [  T N E & T I ~  

4 i  AIR & NITROGIr l l  I¥1T[ME 

41 PRCCEIS GOOLII~G N & T [ ~  

41 UTILITY COOLINC ~ A T E  ~l 

41 POTAELE W A T E I  

SU UTILITY WATE~ 

I t  PIRGWATG~ 

S~ FLAREI  

I41 I TORN & OILY W A T [ ~  

14D WASTEWATEN TR It & TIN C', 

G41 W&ITEW&TEN PONDS 

Si l l  RQLAR EYAPON&TI©q POq ~- 

I I  TANK FA l l~  • D I I P k T ¢ ~  

I I  I • R I T A R T  I E W [ R  

I~ IRTERCONMIrCTINrI P I P I I  A~ 

L E P - E K D  

HPFL NIGH POINT FLOW L ~ E  

~ FLOW LURE 

m * ~  PLANT UOUNDAR~ 

~ 1 ~  EXISTING CONTOUR L I N [  

.HPFA HIGH POINT FINIUH I U N F & ¢ E  

v • PENCE LING 

nmmlmu~O VERHGA 0 p I p E w A ~  

o * m m t  CONVEYOR 

RAILROAD 

r - - ~  FUTURE ~ . . - - J  
O n $0  YEAR BTONW 

III J ~ U I I I  FEET PER I E C O N 0  
D O o o  
~ - ~ ' ~  o EGO 400 SOC SOU tO00  FT.  

;I6URE 4 , 6 , 2 - 2  
SITE '11"1 S ITE  PREPARATION 

OIqF-I i l l~ OI IA I~GE.  Q l U m I i G .  & R~],QCATION PUUI 
I Y N F ~ L I  , I A I I D I L I T Y  i ' ~  Y 

I 
l 

I 
. I  

[ 
J I  

1; 

:l 

i~::• ~ •i;:,,~i ', 

r •• • 

i C i !  •̧ : 
m 

~ i ~iii~,i, i~/ i  ' 

. • • 

• • 1 - :  • 

i .  ~ . • • "  

~i ̧  ' i /~ i ̧ 

/ i  ~I! ~• ~i• i 
, . ~  • ~i ~ 

) I 

i 

• ~ ~ ,  i :i ¸ ii 

. • i ~  ,̧  

~ • ,'i, ,,i • 

~i • "  ~i, i~ ~i*~ 

~i ~ i ~ . '  • ,  
i~ ~•~ i ~ i i~! ' 

: ,  . " .  . i ̧  

J' , •i 
~ • i • ' * .  • ". 

'~ " " • • "1 

i: ~: ~ - ~  Eli•:! 



? 

: = 

¢ . 

• ~i i •"'  ~ 

- , ;!. - . 

. *  

. o  

- t  
- 2  

I t  

. -- . . .  

. |  

-B 

It tW" 

! 

C~ 

AIIIIIIIIIHIII OVERHEAD PIPEWAY 

m*mtm,m CONVEYOR 

f ' - - - - ' l  FUTURE 
t .  _ - - . J  
~ . . m  PLANT BOUNDARY 

~X,~,--4e. FENCE LiNE 

\ 

%% 

65kr~ "" 

0 

$ . 
:. I • 

% 

i 
1 
I 

/ 
I 

HOUSE 

J 

i I 

o ° 

+ ! P F $ , ' 4 4 1 0  .- 
~ , A ~ , k V . G . R - . ~  
~ T O R A D E  "PEN6"--" 

o,. 

t 

L I S T  O F  U N I T S  ° " !  ,I 
01 COAL" ~REEF ' . I I ~4  ~ ~ 

O::l AOH HANDLING 

10 COAL OAGIF iDAT Ib : .  

11 0 0  8HIFT  

1 |  HAW GAG COOLING 

18 REOTIGOL 

14 DAO LIOUOR 8 E P A R A T i O N  

18 TAR DIGTiL I .AT iOH 

I •  NAPHTHA HYOHOTREATINO 

17 PhERO&OLVAN 

18 AMMONIA REOOVERY 

1•  RULFUR RECOVERY 

30 PROCES:I RTEAM SUPERHEATING 

• 1 METHANOL 8YNTHESI I ;  

=2 MSTHANATION 

8 •  END PURIFICATION A COUPREBS lON 

24 PARTIAL OXIDATION 

26 HYDROGEN PRQDUGTION 

40 OXYGEN PNOOUGTION 

41 GTGAM GENERATION 

4;~ POWER GENERATION 

43 FLUE GAS OEGULF~RIZAT iON 

44 H~W WATER TREATING 

4S SFW A CONDENSATE TREATING 

48 AiR • NITROGEN • Y S ' r E M S  

4F PROGEBE COOLING WATER 

48 UTI*LITY OOOLINO WATER 

49 POTABLE WATER 

80 UTiL iTY WATER 

• I FIREWATER 

A ~t FLARE• 

841o BTONM 8 O iLY  WATER 

64b WA•TEWATER TREATING 

641: WA•TEWATER PONDS 

644 SOLAR eVAPORAT iON POND 

&6 TANK FARM • EIOPAYOH 

AO SANITARY SEWER 

67 iNTERCONNECTiNG F i P E W A Y  

L e G e ~....__._.OO 

" ' " ~ . ~ 0 . - -  EEIIITiHG CONTOUR LiNE 

HPFR HiGH POiN1 FINIBN 8URFAGE 

HPFL HIGH POINT FLOW LINE 

~ FLOW LING |EARTH TRAPEZDIDAt. OHANNEL) 

w 

I 

I I , 
I I .' 
t I .,' 

: H P F $  4 4 0 0  : :? 
. . ~ _  DEAD COAL :' 

GTORAQE ~ ~! 

4 3 9 0  

% 

" \  

dlT0 - ~  

411;0 - .  

"=ELINE | 

\ i 

~%'~ . f  11-2--1] 

",oo 
4:e o 

f# 

f 

f~ 
I 

~ J  

Aa • 46..~" I -~ 

HPFS : 4385  
I I 
I I 
8 .  . . . . . .  ..I 

ooS .~ 

NOTE: THi8 DRAWING WA8 UIEO FORI: 
THE PLOT PLAN (RWOot~03mFD4 
AT A LATER DATE AND i8 NOT i 



i 

~ "% - . ,  \ \ 
" - ,  " , ,  ~. - , .__~ 

\ ~  ...... , ", ' I 

I III - - - - .  • ~ • l x 
' l " f ~ - - - ~  ".,_ , , .  %. x x 

\ ' , ,  
'x s+ 

} I 

~ k 
I ] i  EUE~GEMCY 

& n H  E T O R & O i  

~,Fs 4~9(p 
L . . . . .  J - - - - - -  

: S  4 3 9 0  p~: 

. . .  ~om.,.--:~.,. . . . . . .  

• " 

li i,,..__ ~ + I I ~ I I I I ~  M 

! II ' ' 
. \ 

II! ~ H P F S  4 3 8 0  ! 

\ 
I 

t 

0 0 

rf, i U121~| FOR THE CIVIL OOIT | I I T n L ~ T [ ,  
{ O w r ~ ' + l l | ? O i - O O - l - O n  I1 WAI l  REVISED 

AND 18 r iOT REF~EGTED IN THIn O l ~ W l N n  

}~"~:.~. ~, 

i • 
%-~% %%% 

, ,  ,~ "~ 

1 1 1  / ' + , , "  + • 
I I I I I l ' t * "  
It I I  * I 

t I II | %,t I • ~%% 

! ! 
l, l I 

~'P, P~ "I~,+', ' I I 

8 9 

• , o  . ,~o , , ,0 

H P F S  4 3 6 0  
I 63  I 6410 

.. . . . . .  ~..,+.- , , /) 
% ~, . /  • . . ~v /  • ,, -...__~.~."~... "< 

0 ~. R O O M  / 

~'," . . . . . . .  ,, I :I~ " 
% t ; :  . . . . . . . . . .  { , I - -  

" - - - - ' - ' ~  I ,  ~" ~ r . . . .  I 

I I I 0 I F .  - - I  l 
I I I ' ~  I = ' -  

: H P F S  4 3 7 0  : 19;.-,-- H R ~ s  4 3 7 0  .~ 

~ - ~ J ,  
& . _ J  

l 

I 

\ 

% 

~mllm~pBIllUllmmlmttp,lgtnoQnt 

\ 
H P F S  ¢ 3 7 0 "  

' ~%% 

• , | 

i HP I~S  4 

-~. J_ l  
A 

. I  

~ ' .  ',, 

t 
t 
l 
\ 

\ , \  ,, 
8 4 b  

I ' / 
. . . .  J . . . .  J 

H P F S  4 3 6 0  

• s 4 . ]  

% • 

%% • 

)WD. NO, 0 0 - S - 0 8 ~ :  
t 

USF. OIt O I ~ L ~ U # [  Ot" I I [ p ' l l t  DAre 

15 SUCJ.C, + ~ / H [  l i ($;11¢1;01i r.~ I H [  

NOTIC[ FAG[ &lt I l l (  FROM El r ~fl12 IlErOElr 

% % %  

, t , , 

I 

d 
I 

I 
I 

t 
I 

I 

! 

~ i " ' ' "  
t~-" 

I 

~ ' ' 4 3 n 0  

! 
i 
t 
! 
I 

t S 

.% 
t 
t 
! 
! 
I 
I 

! 
! 

I 
I 
t 
! 
I 

• t 
t 
I 

I 
,,t 

t 

11 

PR E Y AILIIN I"* 
WIND 

I 

1 

J 

I 
I 
i 

I 

~tOO 4 0 0  nO0  6 0 0  tO  O O F 1  

e 
'* R E D U C E D  PRINT 8 O A L [  

S I I E  ,~ 23  SiTE PREPARATIO-"~--- 
OFF-R ITE  ORAmAaE & O m ~ o m o  PLAN 

E Y N r U E L I I  FEARIOILITY STUO'V 
: R O W  TR|OE O f  |NO|AMS M O N I A N A  

~ r ,  , 0 4 _ 0 0 . 5 . 0 R  4 " ~ l  

4 m ~ t ~  ~0 6 

| PLAN _~/F.'_,.~_OR 

• ; 

+ 
4 ;  ; -  • /~: 

1 : i  

~ L !I/ i ~' 

; ' + : 7  

• • 

iY •~+I/ 

: J • I 



i~! ̧ ! i~ 
i~-i ¸̧  L:-.~I " 

: '  ii 

~ . i .  .i ' 

L . " 

C.. 

~o 

@ 

i ° 

il 

.~ = 

, ~ , , , I 

~ ' ~, ~ ~. ,, , ~ , 

~ N e ~, N N N ~, ~ N N N 

~ ~ ~  ° ~. -~.~ 

4-320 

b D q )  ~ 
¢:: ILl) 

0 0 .c: ~ 

. i . ,e 
0 

I _ ! i i I u~. on olsct~jul~( ~ ul~lll ~TA 
IS ~,USIcclr I ~ ~UCI ION ©,1TNi 



~Wm 

. 'SU 
w o w  
Z 1 [ ¢  

i!i 
Z " 

~JI-M 

w 

E -,. bl OO,J 

¢ ¢ _  
O u . . -  -a:,._ 

= : b - ¢  oo~=o 

/ 100 MIL HDPE LINING 

- - -  COMPACTED SUBGRADE 

18" WALLS~ 
" . : "  ; j . :  J,'. " "  ; " ' , ' p  REINF. CONCRETE \ .18"  FI~OORJ 

- - ~ , , , ~ , ~ , ~ "  • ' .  : .- . . 

COMPACTED 8UBGRADE 

• . D E T A I L  ( ~  

18" COMPACTED CLAY 

OOMPACTED 8UBGRADE 

• Figure 4.6.2-4 
i i , , -  - / 

U:.F. rx Dl'¢t::Iq.[ O/~!I;:-R: D,i|A 
IS e.U.hl.¢.: 10 fltl~ ItL3¢~;ICT::,'l :,'; IItE 

tlQ"fl~E F.~E M TIFF. |£GIiT OF IH13 ;:Ct"Oli(T 

b,t'A 

ii 
0 ¢  tk.n 

FLUOR 
V 

!luPm eNG. 

SCAL~ 

NONE 

POND DETAILS 

LINING SYSTEM 
i iii 

835704-00 -1 -098A 
q t Y .  

1 



4 

Z t - j  

OWU 

!i! 
,+o~P, Zn+~, 
- " R  

: ¢ m  
c o o  
I,, iS& i i i  

° 

~ , , ; |  
,11 ~P a' 

° 

I 

• l ~  m h ~  ~ ~ Q W ~  m 

. , t .  1 0 0  MIL  H O P E  L I N I N G  

: . . . .  " ' " " . . . .  " " ' ~ " - - - - - e  ' . . . . . . . .  " "" : " M I N .  D R A I N A G E  C G U R S E  

C O M P A C T E D  ~ U B G R A D E  

Ik .W D 
• Q 

M ~ I I I  
- 1 ¢  c 

~ G  a 
Z Z ~ , ,  

. u :  • 1 8  W A L L  a z j ~  
" - - .  ".. ." " ~ , R E I N  R /  , . , = o  : ~  ; . , - . ~ . .  " . , ~ .  ~ .  CONCRETS. \ l S "  ~LO0 
.:;:"t "'.~.:'~" " "  "" """ ~ - ' "  " "" ' :~ 6 "  M I N .  D R A I N A G E  C O U R S E  

~ z  18"  C O M P A C T E D  C L A Y  
Ill Ill m 

z~.~" . . - . . . . - . . . .  C O M P A C T E D  8 U B G R A D E  . l a : l  
~ 4 0  M 

I .  I - ,~ I -  
Q 2 ~ °  

a--" m 4L~O 
] :  Z ~ , ¢  

° : "  DETAIL @ 12 m III 8k 

~_::z 
~ ¢ Q 4  

O a . ¢  

- ~ ' °  , , ,  , 

IdO 
Z l I C Z  ,1_ ~ C E  F&G~ AT THE F~OCtr ~ ~.it;a ?.[POlG" ,, 

l Figure 4.6.2-5 

 JL¢ F L U O R   o,o ~ ' L I N I N G  S Y S T E M  BUPll IKNq, o 

R,;, y , , 
UI bl ~ |IICAIJ~ nla, WING. NU~Btm 

o | ~ N O N E  835704-00-1-098 B 
b, tL 



4 

Z m l ~  
E-O 

I :  I,, M 
G O , J  

~ . l - Q  

n ~ ' z  
= ; - <  

~ z ~  

o ~ o  

~ _ ~  

n E O  ( 
" G Q .  I¢ 2~. :o  ~::~ 

~ E b E  
O O M o  
Z O E Z  

i 

.o 

ii ii . ~  . , ~ 1  

4"  P V Q  I 
8 L O T T E D  O O L L E ( : T O R  I 

, ,~ I 1 ! - - "  R I S E R  
i i l l ,  I ~  ~,,,s cT,~P.) 

i SUMP "-~ J l '  

I ( " ' )  'ill . 

J I 

I ' 1 2 0 0 "  M A X .  
I -  - ' L 

P L A N  

8 "  P V G  

P R I M A R Y  L I N I ' N G  

,~ DRAINAG,: COU.SS 7 ~ ' "  

CLAY LINING ~ =UMP (TYP.) 

S E C T I O N  

Figure 4~6.2-6 

! 
L t ~  U~,L ~..i g;';(.I. S,.,rJ. D;" .~[F'~: b;~A I 

$U"1"£: TO ,tic n[$;~lG1 .'.~'~ *'~ I~E 

1 OTICE r.~O~ AT THE FEO~T OF Ix:~. Rr F~ '  

: ~ ~  T Y P I C A L  

II¢'Vo 

| |  NONS 8 3 5 7 0 4 - 0 0 - 1 - 0 9 9  1 



"-'111 

" I " . ;  
t'~ i i  t .  

~:: 

--~O 
10.I;>' 
Z~J 

UOkl l  
Z l i [  
-~L 8 ~ Eb, 

,vEvi  

~ O v  
I,, l l &  El t i  

O Z "  
U I - W  

l ~ l e .  
| :=  
k~QO 

G o 
~ Z 

o O d  

U : u J  &v:¢ 

~ Q E E  

d ¢ ¢  
0 • m ~ M "  

. . u ~  

~ i l ~  

~ a : c  
~ 4  OM 

--i--!i 
~ z ~  
U O ~  

~W 

o m  

L 
I X 

\ ¢ 

J 

f 

\1  

/ 

, X  

/ 
/ 

i /  

% 

ap 

Y 

PLAN 

~ ' - ' - - - F B  D 

i i i 

Figure 4.6.2-7 

8EC.TION 

18 $UCJ.'.CT 19 TH te I~ESIRICTION CN TI~E I 

FLUOR 
Y II1¢ a,¢¢ 

N O N E  

POND DETAILS 

PLAN AND SECTION 
DliakWt ;eG ~UIt411 ¢ m ~  

8 8 5 7 0 4 - O O - l - 1 Q O A  



q~ 

I B i l ~  

O b l U  
i .  k l  ~1 
t .  I¢ I [  

i l l ~ Z  

_-,~o 

u O  W 
Z * ~ I [  

O:¢- 
I.,OO 
U C W  
=¢11 
CQO 
I - i i&  ¢B I I  Z M "  

Ul-~i  

~ 1  I 
I I , ¢  

Q O , J  

I[ M wl, u 
I i . u :  
• o 

Id,c Id 

I 

X _ _  

PLAN 

~ " -  F B D  

-I 
- I  

I 

i 

e 

SECTION 

Figure 4.6.2-8 

d~ 

Y 

m m  
b 

! 
D 

i 

nail 

USEOR *~ISGL'S'~F-O~ t~[~ RI DA'~A 

IS SUOJ.C[ TO THE RI;$1~1¢10*t CN T ~  I 

AT 111~ F~ I IT  OF TIII'J REPORT 1 f(g~lCE B,I~E 
i 

II 

II! I N  • 

.~ 4,-0. 

f F : L I J O R  ":" 
IM M mcau¢ 
IL p 
~_z N O N E  o1¢ 
I k &  

POND DETAILS 

PLAN AND SECTION 
i 

O m 6 w i N a  NUMDCN 

8 3 5 7 0 4 - - 0 0 - 1 -  IOOB 

mlCV, 

1 



/,~i~ / ? i l  ¸ : / :  

. . . .  i i ••  

• • . . . 

• , .  , .  

. . . . .  i 

• . , .  • 

• . , .  • 

i 

• o ,  . . . . .  " -  

. . . .  + . . ;  

4 

1 

• J '  + ' ' i  , 

. . . - . .  

I 

, , . + : 

. . .  . . , 

. . , .  

. . : . . ,  
• + , • .  

, , :  .. i i i . . .  

( 

operators a means of detecting any fs~ures in the foregoing pond lining system and 

~dequate time to employ corrective measures prior to the development of a 

potentially adverse environmental water quality impact. 

It may be concluded that, under normal plant operating conditions and bar.~ing the 

occurrence of any catastrophic natural events (earthquakes, floods, tornadoes~ etc.), 

the foregoing engineered containment design of liquid waste repositories for the 
Crow synfuels  plant should prevent any major potential ly adverse environmental 

impacts to  the  water quality o f  the  Crow Reservation and the area adjacent to the  

reservation. However, it must be recognized that an ion material  balance was not 

conducted for the major and trace liquid constituents comprising the liquid waste 

s~reams as pert of this feasibility study. Hence, detailed identification and 

eharactexization of the process liquid waste stream constituents is not possible at 

this time. It is, therefore, recommended that if the Crow sy~ue]s project proceeds 

to the next phase, the process liquid waste stream characterizations whouid be 

thoronghly evaluated in order to substantiate the long-term capability of the 

pl~posed muitilayer liner system to contain the identifiable process liquid wastes. 

A similar containment design approach to solid waste disposal has been developed for 
the proposed Crow synfuels plant. Since the quantities of solid wastes for a coal 
gasification plant are considerably more extensive than liquid wastes as previously 

demonstrated in Section 4.5.2 and the repositories are located external to the plant 

site boundaries, potentially more serious environmental water quality impacts than 

for liquid process waste residues could arise. Therefore, the next section of this 

report is devoted exclusively to an environmental impacts assessment of the solid 

wastes generated as a result of the operation of the Crow synfuels plant. 

4.6.3 Solid Waste Disposal Impact  Assessment  

The Crow synfuvls plant will produce a variety of soI~.d wastes for disposal The 

majority of the wastes consist of ash from the Lurgi coal gasification units, ash from 

the boilers, and sludge from the FGD unit. Other solid wastes from the plant include 
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water treatment siudges~ spent eatalystsy and general plant refuse. R is expected 

that general plant refuse will be at least qualitatively inspected prior to disposal at a 

local public waste disposal site to make certain that potentially hazardous proeess 

wastes are not inadvertently eomingled. The quantification and environment~ 

impact evaluation of the spent catalysts could not be adequately assessed due to a 

lack of essential proprietory information concerning their physical and chemical 

properties. 

The proposed solid waste disposal plan was developed by Fluor as the base ease for 

this study and, therefore, is specified for Site I assuming the Westmoreland coal 

feed. The ash and other solid wastes will be stored adjacent to the synfuels plant 

battery limits, as shown in Figure 4.6.3-1, since ash disposal at the existing 

Westmoreland Absaloka mine is not an economical option as discussed in greater 

detail in Volume V of this report, For the alternate Shell coal ease at Site 23, the 

ash will be returned to the proposed Shell mine for disposal 

The ash mineral analysis~ the trace element analyses, the FGD sludge composition, 
and the raw water treatment sludge composition are ine/uded in the block f low- 

diagrams for the solid effluents as presented in Piguras 4.6.3-2, 4.6.3-3p and 4.6.3.-4~ 
respectively, for the previously discussed Case IA and Case IIA design scenarios 

utilizing a Westmoreland coal feed and the Case HA design scenario employing a 

Shell coal feed. It must be emphasized that the block flow diagrams depict base case 

design scenarios for an initial 125 MM SCF/D SNG production rate recalling that the 

facility will have the capability of upgrading to the 250 MM SCF/D SNG production 

rate• which represents "worst-ease" design conditions in terms of potential 

environmental impacts. Therefore~ design case scenarios I and II represent the 

propcsed ultimate~ upgraded plant design conditions. 

4.6.3.1 Volume Requirements for Solid Waste Disposal 

The volume requirements for solid waste disposal for Case I and Case II design 

scenarios utilizing a Westmoreland coal and the Case II design scenario employing a 

Shell coal feed are summarized in Table 4.6.3-1. The worst-case scenario~ Case lip 
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employing the Westmoreland coal that  the proposed ultimate production ra te  of ~.50 

MM SCF/D and producing addit ions/electr ical  power above that  required for internal 

ptant consumption, is shown in Table 4.6.3-1 to produce 0.9?7 million cubic yards of 

major solid waste effluents on an annual basis or 24.4 million cubic yards of solid 

waste over a 9.S-year plant operating life. Similarly, the 125 MM SCF/D SNG Case 

I ~  design scenario counterpart of Case 1I, shown in Figure 4.6.3-4, produces 

approximately one-half of the volume of solid wastes, i.e., 0.489 million cubic yards 

per year or 12.2 million cubic yards in the 25-year plant operating lifetime. About 

55.48 percent of the solid waste volume for the design Case II and HA scenario 

utilizing Westmoreland coal is the result of gasifier ash from the Lurgi process with 

ash and FGD sludges from the boilar operation representing about 28.25 percent and 

16.27 percent, respectively, of the total solid waste volume both annually and 

cumulatively over 25 years as presented in Table 4.6.3-1. The design Case IA 

represents the lowest solid waste volume requirement for the designs using a 

Westmorehmd coal feed. Solid waste volumes of 0.710 million cubic yards over 25 

years are evidenced for design Case 1A in Table 4.6.3-1, with gasifier ash 

representing about 76.5 percent of the total  solid waste volume. This result arises 

from the reduced ~equlrement for the boilers, since the plant is designed to produce 

only enough power for internal facility needs. 

A more realistie overall plan for lon~-term Crow synfuels plant operation is 

represented by the Case ]]I scenarios as shown in Table 4.6.3-1. Case IlI scenarios 

assume eumuiative 25-year solid waste volumes based upon a S-year operation at the 

Case nA design level (125 MM SGF/D SNG) foItowed by a S0-year operation of the 

upgraded Case II ~an t  design, Utilization of the excess coal fines to produce 

additional electrical power for sale to an electrical  utility possibly represents a more 

eeonomicany viable mode of plant operation than other options evaluated in this 

feasibility study as discussed in Volume 11 in considerably more de ta i l  

Table 4.6.3-1 indicates a 25-year solid waste volume commitment of approximately 

22 million cubic yards for the foregoing Case IH scenario utilizing Westmoreland cos/ 

supply. About 55.4 percent cf the total solid waste resuRing from Lurgi gasifier 

asl~ 
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Design scenarios Case IIA and II employing the Shell coal feed result  in considerably 
less solid waste disposal volume requirements due principally to lower ash content  

and also lower sulfur content  of the Shell coal resulting in lower SO 2 emission 

control requirements (84 percent  vs 90 percent) and, hence, leas FGD sludge 

production for disposal 

( 

Shen coal feed Cases IIA and lI see shown in Table 4.6.3-1 to result in solid waste 

disposal volumes of 0.282 million cubic yards and 0.565 million cubic yards, 

respectively, on an annual basis; and 7.562 million cubic yards and 14.125 million 

cubic yards, respectively, over an assumed 25-year plant operating period for the  

previously ci ted Shell coal design Cases HA and II. 

4.6.3.2 Solid Waste Dbposal Plan and Faeilit~, 

The solid waste disposal plant design is based upon the cumulative 25-year solid 

waste disposal volume requirement of approximately 12 million cubic yards; i.e., the 

base Case HA design (125 MM SCF/D SNG with additional electrical power 

production for external sales) with a Westmoreland coal supply. The solid waste 
disposal planned faeitity design as shown in Figure 4.6.3-1 promulgates a containment 
approach eoneeDtually similar to the "zero dischargd' design features employed to 
contain process liquid waste residues previously discussed in Section 4.6.2o 

The site for disposal of the  major process solids residues, specific to  the  Site i plant 

siting sees, is shown in Figure 4.6.3-1 to be located approximately one-half mile 

northwest of the  Site 1 boundary. Figures 4.6.3-1 and 4.6.3-5 demonstrate  tha t  the  

selected solids waste disposal site takes advantage of the natural topographic relief 

and the natural water drainage characteristics in the area, thereby reducing both the 

disturbed land surface ares and excavation requirements for the facil ity. 

The site development work is divided into two categories: (1) investment  for the  first  

2 years, and (2) investment for the remaining 23 years. Table 4.6.3-2 lists the  

stepwise earthwork requirements for ~ e h  investment .  
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