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MINERAL PROCESSING COST MODEL EXAMPLE CALCULATION:
TITANIUM AND TITANIUM DIOXIDE SECTOR APPENDIX G

This appendix presents a stepwise example of how the mineral processing cost model calcluates
the cost of this rulemaking for Option 3 assuming the Modified Prior Treatment baseline for the sector
producing titanium and titanium dioxide. The intermediate quantities and cost results presented in this
appendix are calculated using the same methodology as used by the costThesgelquantities and
results differ slightly from those found in the cost model printouts due to rounding.

The appendix is divided into five sections, each of which describes one important facet of the data
or calculations used in the cost model. The first section reviews the input data required for cost
calculations. The second section shows how the input data are manipulated for use in later cost
calculations. The third section presents calculations of treatment costs. The fourth section presents
calculations of storage costs. Finally, in the fifth section, the incremental treatment and storage costs are
combined, along with recordkeeping costs, to obtain the total incremental sector cost.

G.1. Review of Input Data

This section reviews the five types of input data used to calculate the cost of this rulemaking to the
titanium and titanium dioxide mineral processing sector:

Waste stream generation rates;

Hazardous characteristics;

Certainty of recycling;

Physical form (i.e. wastewater, waste with 1 to 10 percent solids, soiid);
Regulatory classification (i.e. by-product, spent material, sludge).

aprwbdE

These data are used to calculated sector costs as described in later sections of this appendix.
G.1.1 Waste Stream Generation Rate and Number of Waste-Producing Facilities

The titanium and titanium dioxide mineral processing sector generates eight waste streams.
Exhibit G-1 shows the number of waste producing facilities and the total sector waste stream generation
rates for each of these eight waste streams. The number of facilities generating each waste stream varies,
ranging from one facility producing scrap milling scrubber water to seven facilities generating waste water
treatment plant (WWTP) sludges or solids. EPA obtained data on the generation rate for two of the eight
streams (spent surface impoundment solids and WWTP sludges or solids). For the six waste streams for
which data were unavailable, EPA estimated a minimum generation rate, an expected generation rate, and
a maximum generation rate.

! For the purpose of simplicity, this section only describes calculations for the Modified Prior Treatment
baseline and Option 3. Calculations for all of the other baselines and options follow the same pattern as described below.
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G-2

Exhibit G-1
Waste Stream Generation Rates
Titanium Number of Estimated or(rlite/)p/)r(;rted Generation

Waste Stream Facilities o Expected Naximom
Pickle Liquor and Wash Water 3 2,200 2,700 3,200
Scrap Milling Scrubber Water 1 4,000 5,000 6,000
Smut from My Recovey 2 100 22,000 45,000
Leach Liquor and Spge Wash Water] 2 380,000 480,000 580,00(
Spent Surface Impoundment Liquids 7 630 3,400 6,700
Spent Surface Impoundment Solids 7 36,000 36,00( 36,00
Waste Acids (Sulfate Process) 2 200 39,000 77,00
WWTP Sludyes/Solids 7 420,000 420,000 420,000

G.1.2 Hazardous Characteristics

o

Each waste stream in the data set is known questsd to be hazardous for at least one of the four

hazardous characteristics:

. Toxicity (i.e., containig on or more of the ght TC Metals);
. Corrosivity;

. Ignitability; and

. Reactiviy.

Exhibit G-2 summarizes the status of each of thbteivaste streams for the four hazardous
characteristic cagories, as well as each stream’s overall hazard certaldur of the waste streams in the
sector are known to be hazardous for at least one of the characteristics, as indicated irgthedumn
by a“Y” (yes) overall hazard certayntlassification. The other four streams in the sector age onl
sugected to be hazardous and aregrssi a “Y?” hazard certamtlassification in the far ght column.

For exanple, leach lguor and ponge wash water is known to be hazardous because it is corrosive, even
thouwgh the stream is oplsugpected to be hazardous for chromium and lead, and is not believed to be

ignitable or reactive.

Exhibit G-2
Hazardous Characteristics

Titanium TC Metals . Overall

Waste Stream As[Balcd o Pd @lse|Ag| SO | 'onit | Retv | i
Pickle Liquor and Wash Water Y?[Y?|Y? Y N N? Y?
Scrap Milling Scrubber Water Y?[Y?|Y? Y? N? N? N?| Y?
Smut from My Recovey N? N? Y Y
Leach Liquor and Spge Wash Water| Y?[Y? Y N? N?| Y
Spent Surface Impoundment Liquids Y?[Y? NP N7 N? Y?
Spent Surface Impoundment Solids Y?[Y? NI? N7 N?Y?
Waste Acids (Sulfate Process) Y Y Y [Y Y] N N Y
WWTP Sludjes/Solids Y N N N Y

Y = Known to be hazardous, Y? = suspected to be hazardous
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G-3

G.1.3 Recycling Status, RCRA Waste Type, and Waste Treatment Type

Exhibit G-3 deicts the regcling status, RCRA wastge, andphysical form of each of the waste
streams in the titanium sector. Of thghtiwaste streams in the sector, none argasdia “Y” (yes) in
Exhibit G-3 because none are known to beyftalycled. Two are believed to be fultegycled (Y?).

None are asghed a “YS” (fes sometimes) because none are known f@aially reg/cled, but three are
believed to bgartially regycled (YS?). Three are agaed “N” (no) because tlyeare known not to be
regycled at all (N). Of the five streams that areyabed in some qgaacity, three are@gent materials, one is

a by-product, and one is a slgel. Five of the waste streams in the sector are wastewaters, and three waste

streams are solids.

G.2.

Exhibit G-3
Recycling Status
Titanium Regcling RCRA Plysical
Waste Stream Status Wastgpe Form

Pickle Liquor and Wash Water YS? Spent Maf'l Wastewater
Scrap Milling Scrubber Water YS? Slgd Wastewater
Smut from My Recovey Y? By-Product Solid
Leach Liquor and Spge Wash Water| YS? Spent Mat’ Wastewatgr
Spent Surface Impoundment Liquids Y? Spent Mat'l Wastewater
Spent Surface Impoundment Solids N NA Solid
Waste Acids (Sulfate Process) N NA Wastewater
WWTP Sludjes/Solids N NA Solid |

Manipulation of Input Data

This section shows howpat data described in thpeevious section are manlated so that
treatment and stoge costs can be calculated. The model combines uncgrédiout hazard
characteristics with uncertajnin generation rates to create a bounded cosysisai.e., an epected value
case with minimum and maximum value casewiding estimated lower- andpper-bound costs. This
section of the ppendix heps set the stge for later calculation of g@ected value costspper bound costs,
and lower bound costylzalculatirg thequantity of each waste stream that must be treated apdssid
versus regcled in the egected value case, theper bound case, and the lower bound case.

Manipulation of irput data occurs in four gie which are listed here and described in detail later
in this section:

1)

2)

3)

4)

The estimated or pertedgeneration rate for each of thelei waste streams (from Exhibit
G- 1) is divided into a hazardous cpoment and a non-hazardous qament;

The hazardougortion of each waste stream is divided into a ponent that is treated and
disposed, and a coponent that is storegrior to reg/cling;

“Model facility” totals are calculated for the treated anghos®d waste; and

Avergye facility quantities are calculated for waste stopedr to regcling.
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G-4

There is a critical difference between “model fagiliotals for treated and dissed waste and
averae facility quantities for waste storgatior to reg/cling. “Model facility” totals, which are used to
model treatment of all waste streams in a sector ingiesireatmentygstem at each faciit are calculated
on a sector basis while avgeafacility quantities, which are used to calculate ggereosts of individual
waste streams that must not be congieid, are calculated on an individual waste stream basis.

G.2.1 Estimate Waste Stream Portion Assumed to be Hazardous

As indicated in Exhibit G-2 above, four of the waste streams in the titanium and titanium dioxide
mineralprocessig sector are oglsupected to be hazardous (Y?). Tmpartion this uncertaiptover the
minimum, eyected, and maximum value cases, we miylihe overall waste streageneration rates
(minimum, eyected, and maximum) for each of thghgiwaste streams from Exhibit G-¥ the
following percentges in Exhibit G-4, to calculate the minimumpegted, and maximumuantities of
the waste stream estimated to be lygtherated antlazardous:

Exhibit G-4

Hazard Certainty Multipliers

Costirg Hazard Certaimt

Scenario

Y? Y

Minimum 0% 100%
Expected 50% 100%
Maximum 100% 100%

The resultig quantities of waste estimated to be hazardous for each waste stream in the titanium
and titanium dioxide sector are shown in Exhibit G-5. The effect optbtedure is to bound the
anaysis, which is ggecially important for the four streams that areyostigpected to be hazardous. For
exanple, thequantity of pickle liquor and wash water (Y? hazard cert@idssumed to be hazardous in
the minimum value case would be Oynti.e., 22,000 myr generated (from Exhibit G-1) x 0% (from
Exhibit G-4) = 0 myr], while the epected value case hazardquustion would be 13,500 m/ [27,000
mt/yr generated (from Exhibit G-1) x 50% (from Exhibit G-4) = 13,500/mt? In the maximum value
case, the entirguantity (32,000 myr) is assumed to be hazardous. For the four titanium waste streams
known to be hazardous, the entgneratedjuantity of those wastes is included in the gsé.

2 Conversgl, note that 22,000 ny/ of the waste is considered non-hazardous in the minimum value case, while
13,500 mtyr is considered non-hazardous in the expected value case. The portion of waste that is assumed non-
hazardous drops out of the aysas$ from this point on.
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Exhibit G-5
Portion of Waste Assumed to be Hazardous
o Portion of Waste that is Hazardous
Titanium Hazarq (mtiyr)

Waste Stream Certapt Minimum Expected Maximum
Pickle Liquor and Wash Water Y? 0 1,350 3,200
Scrap Milling Scrubber Water Y? 0 2,500 6,000
Smut from My Recovey Y 100 22,000 45,000
Leach Liquor and Spge Wash Water Y 380,000 480,000 580,000
Spent Surface Impoundment Liquids Y? 0 1,700 6,700
Spent Surface Impoundment Solids Y? 0 18,00(¢ 36,000
Waste Acids (Sulfate Process) Y 200 39,000 77,00p
WWTP Sludyes/Solids Y? 0 210,000 420,000

G.2.2 Divide Hazardous Quantities Into Portion Treated/Disposed and Portion

Stored Prior to Recycling

The hazardouportion of each waste stream (from Exhibit G-5) is then divided into pcoemt
of waste that is treated/gissed, and a coponent that is stored for redding. To determine these
portions, the modelmplies an apropriate multplier, dgpendirg on itsparticular regcling status (as
indicated in Exhibit G-3 above). The treatmenfid&al multpliers are shown in Exhibit G-6, and the
regycling multipliers are shown in Exhibit G- 7. Note that in all cases the treatment guodalisnultplier
in Exhibit G-6 and the reeling multiplier in Exhibit G-7 sum to 10Qercent (i.e., all waste is assumed to
be handled in accordance with EPAukations and either treated andptised, or storegrior to
regycling). The multpliers are aplied to theportion of material considered to be hazardous in the
minimum, eyected, and maximum value cases.
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Exhibit G-6
Proportions of Waste Streams Treated and Disposed (in percent)

Percent Disposed
Baseline or Option Affected Recling Status
Material | vy Y? YS YS? N

No Modified Prior Treatment All 0 100 60 100 100
Modified Prior Treatment (SL/BP) &| All 0 15 25 80 100
MPT

Modified Prior Treatment (SM) All 0 25 35 85 100
Option 1 from NPT All 20 100 90 100 100
Option 2 from NPT Bevill* 100 100 100 100 100
Option 3 from NPT All 0 30 40 90 100
Option 4 from NPT All 0 15 25 80 100
Option 1 from MPT & PT (SL/BP) All 30 65 100 100 100
Option 2 from MPT & PT (SL/BP) Bevill* 100 100 100 100 100
Option 3 from MPT & PT (SL/BP) All 0 25 35 85 100
Option 4 from MPT & PT (SL/BP) All 0 15 25 80 100
Option 1 from PT (SM) All 30 65 100 100 100
Option 2 from PT (SM) Bevill* 100 100 100 100 100
Option 3 from PT (SM) All 0 25 35 85 100
Option 4 from PT (SM) All 0 15 25 80 100

* For materials regcled throgh Bevill Units only -- Materials not regcled throgh Bevill Units are treated and
disposed accordinto Option 3 multipliers.

SL = Sludye, BP = B-Product, SM = Spent Material
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Exhibit G-7
Proportions of Waste Streams Stored Prior to Recycling (in percent)
Percent Regcled
Baseline or Option Affected Recling Status

Material | vy Y? YS YS? N
No Modified Prior Treatment All 100 0 40 0 0
Modified Prior Treatment (SL/BP) &| All 100 85 75 20 0
MPT
Modified Prior Treatment (SM) All 100 75 65 15 0
Option 1 from NPT All 80 0 10 0 0
Option 2 from NPT Bevill* 0 0 0 0 0
Option 3 from NPT All 100 70 60 10 0
Option 4 from NPT All 100 85 75 20 0
Option 1 from MPT & PT (SL/BP) All 70 35 0 0 0
Option 2 from MPT & PT (SL/BP) Bevill* 0 0 0 0 0
Option 3 from MPT & PT (SL/BP) All 100 75 65 15 0
Option 4 from MPT & PT (SL/BP) All 100 85 75 20 0
Option 1 from PT (SM) All 70 35 0 0 0
Option 2 from PT (SM) Bevill* 0 0 0 0 0
Option 3 from PT (SM) All 100 75 65 15 0
Option 4 from PT (SM) All 100 85 75 20 0

* For materials regcled throgh Bevill Units ony -- Materials not regcled throgh Bevill Units are stored
prior to regcling accordig to Option 3 multipliers.

SL = Sluadye, BP = B-Product, SM = Spent Material

Theqguantities of waste treated/gssed and thguantities of waste storgmtior to reg/cling for
each waste stream in the sector are shown in Exhibit G-8 and Géctresly. Quantities rported in
Exhibit G-8 and G-9 are calculatey multiplying theportion of waste that is hazardous (Exhibit G-§) b
the gpropriate treatment/dosal or regcling multipliers (from Exhibit G-6 and G-7). For exala, of
the 1,350 my/r of pickle liquor and wash water assumed to be hazardous in fieetexl value case of the
Modified Prior Treatment baseline, g&rcent of the waste, opproximately 1,150 miyr (1,350 miyr x
0.85), is sent to treatment/dasal, while 15ercent of the waste, opgroximately 200 mtyr (1,350 mtyr
x 0.15), is storegrior to regcling.

G.2.3 Calculate Total Quantity Treated and Disposed at a “Model Facility”

The cost model assumes that each fgajéneratig waste in the titanium sector builds aghn
treatmenplant to treat all wastes rather than buifglansearate treatmerdlant for each waste stream.
Therefore to obtain thguantity of waste treated and gissed at a “model faciift” the model sums the
treated and dmsedportion of all eght waste streamsylphysical form (i.e., wastewaters, wastes with one
to tenpercent solids, and wastes with more thanpenecent solids) and dividey Ithe maximum number
of facilities generatig waste in the sector, which is two in the minimum value case, and seven in the
expected and maximum value cases. The reasortiwdre are oyl two facilitiesgeneratig waste in the
minimum value case is that there is uncenaaitout the hazard characteristics (Y?) of several of the
titanium waste streams (see Exhibit G-5). Recall that waste streams that have a Y? hazayd certaint
classification are considered nwzardous in the minimum value case, 50% hazardous ingheted
value case, and 100% hazardous in the maximum value case (see Exhibit G-4). Therefore, the maximum
number of facilitieggeneratirg at least one titanium waste gsoto two in the minimum value case,
because all of the titanium waste stregy@mserated ¥ more than two facilities have a Y? hazard cerjaint
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classification (see Exhibit G-1). Fpurposes of calculations, it does not matter whether sgpes tof
waste arg@enerated at fewer facilities, because the model assumegiatsgatmentysstem for all ypes of
wastegenerated at all facilities. For exalm, the total wastewater treatedfsised for there-rule
expected value case is 450,573 yn{which is the sum of the wastewater streams in Exhibit G-10).
Dividing by seven, the model facyitwastewater treated/gissed for the epected value case is 64,368
mtlyr. Exhibit G-10presents the model faciitvaste treated/dmsed for the minimum, @ected, and
maximum value scenarios.

Exhibit G-8
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Portion of Hazardous Wastes Generated Treated and Disposed

Portion of Waste Treated/Disposef
Waste Stream Multiplier| (mtfyr)
Minimum | Expected| Maximum
Pre-Rule
Pickle Liquor and Wash Water 0.80 0 1,080 2,560
Scrap Millirg Scrubber Water 0.80 0 2,000 4,800
Smut from My Recovey 0.15 15 3,300 6,750
Leach Liquor and Spge Wash Water 0.80 304,000 384,00p 464,000
Spent Surface Impoundment Liquids 0.15 0 255 1,005
Spent Surface Impoundment Solids 1 0 18,00 36,0p0
Waste Acids (Sulfate Process) 1 200 39,040 77,0p0
WWTP Sludes/Solids 1 0 210,000 420,00(
Post-Rule

Pickle Liquor and Wash Water 0.85 0 1,148 2,720
Scrap Millirg Scrubber Water 0.85 0 2,125 5,100
Smut from My Recovey 0.25 25 5,500 11,250
Leach Liquor and Spge Wash Water 0.85 323,000 408,00p 493,000
Spent Surface Impoundment Liquids 0.25 0 425 1,675
Spent Surface Impoundment Solids 1 0 18,00 36,0p0
Waste Acids (Sulfate Process) 1 200 39,00 77,0p0
WWTP Sludes/Solids 1 0 210,000 420,00(
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Exhibit G-9
Portion of Hazardous Wastes Generated that is Stored Prior to Recycling

Portion of Waste Stored Prior to
- Regycling
Waste Stream Multiplier| (mtiyr)
Minimum | Expected | Maximumn
Pre-Rule
Pickle Liquor and Wash Water 0.20 0 270 640
Scrap Millirg Scrubber Water 0.20 0 500 1,200
Smut from My Recovey 0.85 85 18,700 38,250
Leach Liquor and Spge Wash Water 0.20 76,000 96,000 116,000
Spent Surface Impoundment Liquids 0.85 0 1,445 5,695
Spent Surface Impoundment Solids 0 0 0 0
Waste Acids (Sulfate Process) 0 0 0 0
WWTP Sludes/Solids 0 0 0 0
h Post-Rule
z Pickle Liquor and Wash Water 0.15 0 203 480
Scrap Millirg Scrubber Water 0.15 0 375 900
Ll Smut from My Recovey 0.75 75 16,500 | 33,750
Leach Liquor and Spge Wash Water 0.15 57,000 72,000 87,000
E Spent Surface Impoundment Liquids 0.75 0 1,275 5,025
: Spent Surface Impoundment Solids 0 0 0 0
Waste Acids (Sulfate Process) 0 0 0 0
U' WWTP Sludes/Solids 0 0 0 0
a Exhibit G-10
Model Facility Quantity of Waste Treated/Disposed
m Model Faciliy Waste Treated/Disposed (gl
> Baseline/Option Minimum Expected Maximum
- waters | Soids | S99 | LAST  Soics] S | lded  soich SO
: Pre-Rule 152,100 0 8 60,905 0 33,043  78,48] 0 66,107
u Post-Rule 161,100 0 13 64,385 0 33,351 82,78 0 66,750
q G.2.4 Calculation of Average Quantity Recycled
¢ Since regcling costs arefgcific to each waste stream in the sector, the cost model does not
calculate model facilt totals for regcling. Rather, it calculates an avgesfacility total by dividing the
n portion of each waste stream that is stquedr to reg/cling (from Exhibit G-9) ly the number of facilities
m thatgenerate each waste (from Exhibit G-1). Exhibit G-11 shows the results of this calculation.
7))
=
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Exhibit G-11
Average Facility Quantities Stored Prior to Recycling

Average Faciliy Waste
Number Stored Prior to Reeling
Waste Stream . pf (mthyr)
Facilities Minimum | Expected [ Maximum
Pre-Rule
Pickle Liquor and Wash Water 3 0 90 213
Scrap Millirg Scrubber Water 1 0 500 1,200
Smut from My Recovey 2 43 9,350 19,125
Leach Liquor and Spge Wash Water 2 38,000 48,000 58,000
Spent Surface Impoundment Liquids 7 0 206 814
Spent Surface Impoundment Solids 7 0 0 0
Waste Acids (Sulfate Process) 2 0 0 0
WWTP Sludes/Solids 7 0 0 0
Post-Rule

Pickle Liquor and Wash Water 3 0 68 160
Scrap Millirg Scrubber Water 1 0 375 900
Smut from My Recovey 2 38 8,250 16,875
Leach Liquor and Spge Wash Water 2 28,500 36,000 43,500
Spent Surface Impoundment Liquids 7 0 182 718
Spent Surface Impoundment Solids 7 0 0 0
Waste Acids (Sulfate Process) 2 0 0 0
WWTP Sludes/Solids 7 0 0 0

G.3. Treatment Cost Calculations

This section of thependix exlains how the cost model calculates the total incremental treatment
cost incurred B the titanium and titanium dioxide mineg@bcessig sector.

The model first determines if the treated angakgd wastguantities from Exhibit G-10 are
large enogh to warrant on-site treatment. Next the model calculates neutralization, degyaterin
stabilization, and d@sal costs. The model then annualizgstaband closure costs and calculates a total
sector treatment cost. Finglthe model calculates the total titanium sector incremental treatment cost.
All treatment and djmsal calculations angerformed usig the “model faciliy” quantities calculated in the
last section of this document.

G.3.1 Determination of On-Site versus Off-Site Treatment

The model assumes that low-volume waste849 mtyr solids or< 350 mtyr liquids) will be
sent off-site for treatment and pasal. All wastegienerated in the titanium sector are assumed to be
treated on-site, because both wastewaters and soligeramted imuantities above the low-volume
threshold in all three costirscenarios (see Exhibit G-10).
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G.3.2 Neutralization and Precipitation Costs

Five of the gyht titanium waste streams are wastewaters and theretprieer@eutralization,
precipitation, dewaterig, and stabilizatiomprior to digposal. (The other three streams are solids and do not
regquire neutralizationprecipitation, and dewater@) The model uses fougeations to determine the
neutralization cost for wastewaters:

. Sumge Tank Costs ($f) = 4x10° Q* +0.1175Q + 3,680
. Capital Costs ($) = 36,131 + 151.95©

. O&M Costs ($yr) = -206,719 + 36,594 In Q

. Closure Costs ($) = 6,361 +10,Q

In all four of the aboveqiations, Q (the amount of wasteuéing neutralization) guals the
sum of wastewaters and waste streams with one {eeteent solids muiring treatment. Usigthepre-
rule expected value case as an extenthe model facili quantity of wastewater iiring treatment is
60,905 miyr, and thequantity of wastes with one to tggercent solids content is 0 mt/(see Exhibit G-
10). Therefore, neutralization gertank storge costs qual $10,985, neutralization gigal costs gual
$73,631, neutralization O&M costgueal $196,44@er year, and neutralization closure cosigaa
$6,422. Exhibit G-12 shows the neutralization costs for the titanium and titanium dioxide sector.

Exhibit G-12
Neutralization Costs
Baseline/Option Neutralization Costs
Costs Minimum Expected Maximum
Pre-Rule
- Suge ($4r) 22,477 10,985 13,148
- Capital ($) 95,392 73,631 78,699
- O&M ($hyr) 229,931 196,440 205,718
- Closure ($) 6,513 6,422 6,439
Post-Rule
- Sumge ($4r) 23,713 11,411 13,681
- Capital ($) 97,214 74,687 79,851
- O&M ($hyr) 232,148 198,473 207,672
- Closure ($) 6,523 6,425 6,444

The model uses twagaations to determine thgeecipitation cost for wastewaters:

. Capital Costs ($) = 3,613 + 15.1959
. O&M Costs ($yr) = 826.48 + 0.3465 Q

In the above guations, Q (the amount of wastejuéing precipitation) eguals the sum of
wastewaters and waste streams with one tpdecent solids mguiring treatment. Usigthepre-rule
expected value case as an extenthe model facilit quantity of wastewater iguiring treatment is
60,905 miyr, and thequantity of wastes with one to tggercent solids content is 0 mt/(see Exhibit G-
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% Equations from Exhibit D-1, Appendix D.

4 EPA assumes that neutralization and precipitation occur within the same unit, therefore, precipitation closure
costs are included in the neutralization closure cost equation.

April 15, 1997




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

G-12

10). Thereforeprecipitation caital costs qual $7,363, angrecipitation O&M costs gual $21,93@er
year. Exhibit G-13 shows thgeecipitation costs for the titanium and titanium dioxide sector.

Exhibit G-13
Precipitation Costs
Baseline/Option Precipitation Costs
Costs Minimum Expected Maximum

Pre-Rule

- Capital ($) 9,539 7,363 7,870

- O&M ($hyr) 53,529 21,930 28,020
Post-Rule

- Capital ($) 9,721 7,469 7,985

- O&M ($hyr) 56,821 23,136 29,511

G.3.3 Dewatering and Stabilization Costs

Neutralization perationsproduce a slugr which must be dewatered, stabilized, anghasgd.
About 15percent of theuantity introduced into the neutralizatiopearation leaves as this slyrr
Therefore, in the followig equations, Q,, , the amount of materiafjuging dewatering, is 15percent of
the sum of theuantily of wastewaters and wastes with a solids content of 1 perb@nt rguiring
treatment:

. Capital Costs ($) =
. O&M Costs ($yr) =

95,354 + 664.48,0°
12,219 + 286.86 Q°°

For exanple, in thepost-rule epected value case, ) iqual to 9,658 my/r [(64,385 mtiyr
wastewaterglus 0 mtyr wastes with a solids content of 1 toggcent (from Exhibit G-10)) x 0.15].
Therefore, the qatal cost associated with dewategif,658 mtyr waste is $160,655, and the O&M cost
is $40,41(peryear.

Dewaterirg produces a sluge which needs to be stabilized andodsed. The dewatered
sludge, gqual to about 1percent of the mass entegidewaterig, is combined with the solid waste
streams rgquiring stabilization and djsal in the followilg equations®

. Capital Costs ($) =207.93 &
. O&M Costs ($yr) =87,839 +52.16 Q
. Closure Costs ($) =9,806 +0.19 Q

In these quations therefore, thguantity requiring stabilization, Q , is 2.2percent of the sum
of the orginal quantity of wastewaters and wastes with a solids content of 1 perb@nt rguiring
treatment, added to the entqeantity of solid waste rguiring treatment. For exgple, in thepost-rule
expected value case,,Q igual to 34,806 myf [1,449 mtyr wastewaters and wastes with 1 topedcent
solids ((64,385 myt + O mtyr, from Exhibit G-10, * 0.0225plus 33,357 myr solids (from Exhibit G-
10)]. Therefore, the gital cost associated with stabiligji34,806 myyr waste is $725,110, the O&M

® Equations obtained from Case A, Exhibit D-2, Appendix D.
® Equations obtained from Case B, Exhibit D-2, Appendix D.

" This is equal to 15 percent of the quanéhterig dewaterig, which is 15 percent of the gimal quantiy
requiring treatment.
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cost is $1,903,30@eryear, and the closure cost is $16,419. Exhibit G-14 shows the degatedn

Exhibit G-14
Dewatering and Stabilization Costs

stabilization costs for the titanium and titanium dioxide sector.

. . Dewaterirg and Stabilization Costs
Baseline/Option — -
Costs Minimum Expected Maximum
Dewaterimg Stabilization Dewaterig Stabilization Dewaterig Stabilization

Pre-Rule

- Capital ($) 195,721 118,979 158,86p 718,728 167,450 1,220,787

- O&M ($hyr) 55,548 266,761 39,637 1,882,840 43,348 3,628,085

- Closure ($) NA 10,458 NA 16,345 NA 22,702
Post-Rule

- Capital ($) 198,808 124,857 160,65p 725,110 169,400 1,231,154

- O&M ($hyr) 56,881 278,171 40,410 1,903,302 44,18p 3,666,676

- Closure ($) NA 10,499 NA 16,419 NA 22,842

G.3.4 Disposal Costs

After neutralizationprecipitation, dewaterig, and/or stabilization, stabilized residues from

equation?®

. Pile Costs ($/r) = 1.8703 Q, + 12,308

titanium sector wastes are plissed of in gile. The cost of digosal in apile is described ypthe following

In the above guation, Q. , theguantily beirg disposed, is qual to 1550ercent of the mass
enterirg stabilization from dewatergnadded to 17percent of the solid wastes enteyistabilization.

Alternatively Q. is the sum of [1.55 x (0.0225 xu@ntity of wastewaters and wastes with a 1 to 10

percent solids contentgeiring treatment)] and [1.75 xq@antity of solids reuiring treatment)]. For
exanple, in the epected value case ofpfdon 3, Q, is qual to 60,621 mifr [(1,449 mtyr x 1.55)plus
(33,357 myr x 1.75)]. Therefore, the cost of gasal in apile is equal to $130,717. Exhibit G-15

depicts the diposal costs for the sector.

Exhibit G-15
Disposal Costs
Baseline/Option Disposal Costs
Costs Minimum Expected Maximum
Pre-Rule 22,255 124,431 233,797
Post-Rule 22,859 125,684 236,182

8 Equation obtained from Exhibit D-21.
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G.3.5 Annualization of Costs and Calculation of Total Sector Treatment Costs

Because gatal and closure costs are one-time costsy ttre annualized so that total annualized
titanium sector incremental treatment costy ima calculated. The model annualizes the titanium sector
capital costs ly multiplying them ly a caital recovey factor (CRF) of 0.09439. Closure costs, which
are assumed to be incurred aftery2@rs of peration (i.e., inyear 21), are reduced poesent value and
then annualized uggthe CRF. The annualizatignocess and the calculation of total neutralization,
precipitation, dewaterig, and stabilization costs are acqaished usiig the following formula:*

. Annualized Cost = (Gatal Costs)(CRF) + O&M Costs +
(Closure Costs)(CRF)/(1.87 )

Using the above formula, the model combines thgtah O&M, and closure costs to obtain
total annualized neutralizatioprecipitation, dewaterig, and stabilization costs for the titanium secfor.
For exanple, thepre-rule annualized stabilizationn cost in the titanium and titanium dioxide seotse
($718,728 x 0.09439) + $1,882,840 + (($16,345 x 0.09439) f1.07 ), or $1,95T,b83diposal cost
function is alreagd annualized.Exhibit G-16presents the total annualized neutralizatjpegipitation,
dewateriig, stabilization, and dosal costs for the titanium sector.

Exhibit G-16
Annualized Neutralization, Precipitation, Dewatering, Stabilization, and Disposal Costs
(Modified Prior Treatment Baseline and Option 3)

Baseline/Option Costirg Scenario
Costs
($) Minimum | Expected Maximum

Pre-Rule

- Neutralization 261,531 214,521 226,441

- Precipitation 54,429 22,625 28,763

- Dewaterig 74,022 54,632 59,149

- Stabilization 278,230 1,951,053 3,743,883

- Disposal 22,255 124,431 233,797
Total 690,467 2,367,262 4,291,988
Post-Rule

- Neutralization 265,186 217,08( 229,01p

- Precipitation 57,739 23,841 30,265

- Dewaterig 75,646 55,574 60,175

- Stabilization 290,196 1,972,119 3,783,405

- Disposal 22,859 125,684 236,182
Total 711,626 2,394,300 4,339,039

Total titanium sectopre- andpost-rule treatment costs are calculatgcsbmmirg the
annualized neutralizatioprecipitation, dewaterig, stabilization, and dposal costs from Exhibit G-16
and multplying the sum § the maximum number of facilities in the titanium sector (two in the minimum
value case, seven in thepexted and maximum value cases). Therefore, the total titanium sector

® Derivation of the CRF myabe found on pge D-2 of Appendix D.
1 For more information, see g&s D-1 and D-2 of Appendix D.
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1 Suge tank costs are also added to the annualized capital, O&M, and annualized closure costs in the
calculation of the total annualized neutralization cost.
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expected value cagare-rule treatment cost in this explmis aual to (($214,521 + $22,625 + $54,632 +
$1,951,053 + $124,431 = $2,372,235) x 7)$08,570,834 Similarly, the total titanium sector pgcted
value casgost-rule treatment cost in this exgiais equal to (($217,080 + $23,841 + $55,574 +
$1,972,119 + $125,686 = $2,399,311) x 7)$8,760,100

G.3.6 Total Sector Incremental Treatment Cost

The total titanium sector incremental treatment cost is calculgtedidiractig the pre-rule total
sector treatment cost from tpest-rule total sector treatment cost. In this eplanthe total titanium
sector incremental treatment cos$42,318in the minimum value cas$189,266n the eyected value
case, an$329,392n the maximum value case.

G.4. Storage Cost Calculations

This section of thependix calculates the total sector incremental gmrast incurredypthe
titanium and titanium dioxide minerptocessiig sector. Thigprocess involves four gte: (1) the
appropriate storge unit for each waste stream is selected; (2) the gewéaaility storaye cost is calculated
for each waste stream; (3) a total sector glst is calculated; and (4) a total sector incremental
storaye cost is calculated. Note that until the total sector ggarast is calculated at the end of this
section, all calculations in this section pegformed on an avega facility basis.

G.4.1 Storage Unit and Cost Equation Determination

Dependirg on thequantity of reg/clable wastgenerated and thghysical form of the waste
(liquid or solid), wastes thatgeire storge prior to reg/cling can be stored in a varyeof storae units
EPA develped individual costguations for eachype of storge unit and used these coguiations to
determine the rage of quantities over which eackge of unit is the least cogtstoraye unit available.
Exhibit G-17 shows these cost functions for the various gganaits available for use in the Modified
Prior Treatment baseline angi@n 3, as well as the rga of quantities for which that unit would be
enployed!? In each of thesej@ations, Q is the annuglantity requiring storage prior to regcling.

2 For a full list of storge unit functions, refer to Exhibit D-21.

April 15, 1997



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

G-16

Exhibit G-17
Storage Cost Equations
Modified Prior Treatment Baseline
Waste Storage Unit Quantity Range Cost Equation
Type (mt/yr)
Liquid Drum 0-220 Y =-0.0074® +9.4798 Q + 189.34
Tank 220 - 500 Y=-9x10 ©® +0.55Q +1,795.7
Unlined S.I. > 500 Y = 1,000
Solid Drum 0-200 Y =24.589 Q + 132.23
Roll-Off 200 - 935 Y =-0.0022 & +29.272 Q + 4,840.9
Unlined Pile > 935 Y =4.0207 Q + 26,271
Option 3 (PT)
Waste Storage Unit Quantity Range Cost Equation
Type (mt/yr)
Liquid Drum 0-220 Y =-0.0074 € +9.4798 Q + 189.34
Tank 220 - 1 million Y=-9x10 & +0.55Q +1,795.7
Lined S.I. > 1 million Y =0.0704 Q + 1,955.1
Solid Drum 0-200 Y =24.589 Q + 132.23
Roll-Off 200 - 1343.1 Y =-0.0022%0 +29.272 Q + 4,840.9
Building 1343.1 - 45,000 Y =0.00002?Q + 3.2395 Q + 35,800
Lined Pile > 45,000 Y =4.0924 Q + 27,676

SL = Sludye, BP = B-Product, SM = Spent Material

Exhibit G-18 shows the staga units used in the minimum, @ected, and maximum value cases
for the eght waste streamgenerated in the titanium sector. For epbanscrg milling scrubber water is
stored in an unlined surfacepoundment in th@re-rule maximum value case because it igjaidi waste
(a wastewater), classified as a gladand thejuantity storedprior to regcling (1200 mtyr) exceeds the
thresholdguantity of 500 mtyr needed to storediiids in an unlined surface paundment.

G.4.2 Storage Costs

Exhibit G-19 shows the staga costs for each of theghit titanium waste streams. Exhibit G-19
is created ¥ plugging thequantity of waste storegrior to regcling (Exhibit G-11) into the jgpropriate
cost function from Exhibit G-17. For exala, leach lguor and ponge wash water is stored in a tank in
all three costig scenarios undergion 3. Therefore the cosgeation for the minimum, gected, and
maximum value case are as follows:

. Cost = -9x10 & +0.55Q +1,795.7
Insertirg 28,500 miyr, 36,000 myr, and 43,500 myf into the minimum, epected, and maximum cost

equations, regectively, yields a storge cost of $16,740 in the minimum value case, $20,429 in the
expected value case, and $24,018 in the maximum value case.
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Exhibit G-18
Storage Units Used in the Modified Prior Treatment Baseline and Option 3
Titanium Waste Stream Staa Unit
Minimum Expected Maximum

Pre-Rule

Pickle Liquor and Wash Water Not Reted Drum Drum

Scrap Millirg Scrubber Water Not Rgcled Unlined S.I. Unlined S.I.

Smut from My Recovey Drum Unlined Pile Unlined Pile

Leach Liquor and Spge Wash Water Unlined S.I. Unlined S.I. Unlined S.I.

Spent Surface Impoundment Liquids Not jreed Drum Unlined S.I.

Spent Surface Impoundment Solids Not ybed Not Regcled Not Regcled

Waste Acids (Sulfate Process) Not Rded Not Regcled Not Regcled

WWTP Sludes/Solids Not Reccled Not Regcled Not Regcled
Post-Rule

Pickle Liquor and Wash Water Not Reted Drum Drum

Scrap Millirg Scrubber Water Not Rgcled Tank Tank

Smut from My Recovey Drum Building Building

Leach Liquor and Spge Wash Water Tank Tank Tank

Spent Surface Impoundment Liquids Not jreed Drum Tank

Spent Surface Impoundment Solids Not yébed Not Regcled Not Regcled

Waste Acids (Sulfate Process) Not Rded Not Regcled Not Regcled

WWTP Sludes/Solids Not Reccled Not Regcled Not Regcled

Exhibit G-19
Average Facility Storage Costs
Titanium Waste Stream Avage Faciliy Storagge Cost ($)
Minimum Expected Maximum

Modified Prior Treatment Baseline

Pickle Liquor and Wash Water Not Reted 983 1,873

Scrap Millirg Scrubber Water Not Rgcled 1,000 1,000

Smut from My Recovey 1,190 63,865 103,167

Leach Liquor and Spge Wash Water 1,000 1,000 1,000

Spent Surface Impoundment Liquids Not Reed 1,828 1,000

Spent Surface Impoundment Solids Not yobed Not Regcled Not Regcled

Waste Acids (Sulfate Process) Not Reed Not Regcled Not Regcled

WWTP Sludes/Solids Not Reccled Not Regcled Not Regcled
Option 3 (PT)

Pickle Liquor and Wash Water Not Reted 780 1,517

Scrap Millirg Scrubber Water Not Rgcled 2,002 2,290

Smut from My Recovey 1,067 63,887 96,162

Leach Liquor and Spge Wash Water 16,740 20,429 24,018

Spent Surface Impoundment Liquids Not Reed 1,670 2,190

Spent Surface Impoundment Solids Not yobed Not Regcled Not Regcled

Waste Acids (Sulfate Process) Not Reed Not Regcled Not Regcled

WWTP Sludes/Solids Not Recled Not Regcled Not Regcled
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G.4.3 Total Sector Storage Cost

To obtain a total sector stgecostpre-rule (Modified Prior Treatment baseline) gudt-rule
(Option 3) total sector stoge costs must be calculated for each waste stream and summed. Total sector
pre- andpost-rule storge costs are calculateg multiplying the minimum, egected, and maximum
averae facility storage cost for each titanium waste stream (Exhibit G-39hlke number of facilities
generatiig the waste stream. Usgjheach lguor and ponge wash water as an exple, the (otion 3 total
sector storge cost is $42,792 ($21,396 x 2 facilities) in the minimum value case, $52,244 ($26,122 x 2
facilities) in the epected value case, and $60,916 (30,458 x 2 facilities) in the maximum value case.
Exhibit G-20 shows the total sector sgeacost for each waste stream and the total sectogstoost for
the entire sector.

Exhibit G-20
Total Sector Storage Costs
Number Storaye Cost
Baseline or Option of %)
Facilities Minimum Expected Maximum

Modified Prior Treatment Baseline -

Pickle Liquor and Wash Water 3 0 2,949 5,619

Scrap Millirg Scrubber Water 1 0 1,000 1,000

Smut from My Recovey 2 2,380 127,730 206,334

Leach Liquor and Spge Wash Water 2 2,000 2,000 2,000

Spent Surface Impoundment Liquids 7 0 12,796 7,000

Spent Surface Impoundment Solids 7 0 0 0

Waste Acids (Sulfate Process) 2 0 0 0

WWTP Sludes/Solids 7 0 0 0
Pre-Rule Total Sector 4,380 146,475 221,953
Option 3 (PT) -

Pickle Liquor and Wash Water 3 0 2,340 4,551

Scrap Millirg Scrubber Water 1 0 2,002 2,290

Smut from My Recovey 2 2,134 127,774 192,324

Leach Liquor and Spge Wash Water 2 33,480 40,858 48,036

Spent Surface Impoundment Liquids 7 0 11,690 15,33(

Spent Surface Impoundment Solids 7 0 0 0

Waste Acids (Sulfate Process) 2 0 0 0

WWTP Sludes/Solids 7 0 0 0
Post-Rule Total Sector 35,614 184,664 262,531

G.4.4 Total Sector Incremental Storage Cost

The total titanium sector incremental sgeaost is calculatedytsubtractig thepre-rule total
sector storge cost from thgost-rule total sector staga cost. In this exapte (where there-rule
scenario is the Modified Prior Treatment baseline, angdberule scenario is @ion 3), the total
titanium sector incremental stgeacost isf31,234in the minimum value cas$38,189in the exected
value case, an#40,578in the maximum value casg.

3 1n the minimum value case, there is a sgumnstorae cost due to a glit decrease in the amount of material
regycled.
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G.5. Incremental Cost Calculations

This section of thegpendix shows how the model calculates the total incremental cost of the
rulemakirg for the titanium sector. The total incremental cost is calculateditirg the total sector
incremental treatment cost (calculated in Section G.3), the total sector incremengel ststgcalculated
in Section G.4), and a recordkieg cost of $1,41per facility generatiig waste in the sector. The
recordkegping cost of $1,41per facility translates to a total sector recordsiag cost of $2,822 ($1,411
x 2 facilities) in the minimum value case, and $9,877 ($1,411 x 7 facilities) in peeted and maximum
value cases. Thus, for the titanium and titanium dioxide sector, the incremental cost of this rglesnakin
equal to$76,374($42,318 incremental treatment cost + $31,234 incrementafstoost + $2,822
recordkeging cost)in the minimum value cas$237,232$189,266 incremental treatment cost +
$38,189 incremental staya cost + $9,877 recordkgiag cost) in the epected value case, a#379,847
($329,392 incremental treatment cost + $40,578 incrementagstooat + $9,877 recordkgag cost)in
the maximum value case.

The total cost incurredyban averge facility in this sector is $38,248 in the minimum value
case, $33,943 in the pacted value case, and $54,375 in the maximum value case.gévacdity costs
are calculatedyodividing the total sector incremental costthe maximum number of facilities in this
sector. Note that in this exata theaveragefacility cost in the minimum value case ($38,248) igdar
than the aveige facility cost in the epected value case ($33,943). This is due to the fact that there are
only two facilitiesproducirg waste in the minimum value case, and seven faciptieducirg waste in the
expected and maximum value cases. This results igreehiaverge facility cost because thetal sector
incremental cost is dividedyliwo rather than seven.
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