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State of Nevada
Dit,ision oJ Environmental ProtecIion

Bureau of Air Pollution Control

Nevada Division of Environmental Protection
Bureau of Air Pollution Control. Permitting Branch
901 South Stewart Street
Carson City, Nevada 89701-5249
(775) 687-9350 FAX (775) 687-6396

Please return to

General Information

. This application is available from the Bureau of Air Pollution Control in a Microsoft Word file, or on the

intemet at hnp:ii ww$'.ndep.nv.gov,/bapc. All information required in the application ma1 be computer
generated and submined to lhe Bureau on compact disk(s) or DVD(s). ln addition. one printed copy must be

submitted.

. All informarion required by the "General Companl Information" and by the relevant fomrs in the Appendices

must be completed.

. The application tiling l'ee required by NAC 4{58.3689 must bc submitted with the completed application
Checks nrust be made pa)'able to: "Nevada State Treasurer. Environmenlal Protectiorr".

. This application packet shall be used for Tier l, Tier 2 thermal units that emit mercury. for construction of
nerv thennal units that enlit mercury, for de minimis designation and constluction and installation projects for
thermal units that emit mercury at new and existing stationary sources.

. An application for a nrercury operating permit to conslmct must be signed by a responsible official, as

defined in Section NAC 4458.297. t. The certificatioru-signature page is contained in Appendix 5.

r All items in the application must be addressed. Ifan item does not apply, please indicate so with "NiA" or
similar notarion in (he appropriate blank. All other information must be provided. Incomplete applications
will be retumed to the responsible official.

Rev. 10,2006 Page 2
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GENER,\I, ('O}IPANY INFOR}IA1 ION

All applicants shall complete each itemorexplain in the space provided why no information is needed. Please specify
"N/A" (Not Applicable) if necessary. The application will be retumed to the applicant if it is deemed incomplete.

COMPANY NAME AND ADDRESS THAT ARE TO APPEAR ON. THE OPERATING PERMIT
INAC 4458.367 L I and NAC ,1.15B.36E l. I l:

Goldcorp DEE LLC - ne Tree }line
(Name)

5190 Neil Rd, Suite 460
(Address)

Reno 89502
(City) (State)

O\r'neCs Name and Address INAC ,1458.295.1]:

GoldcorD DEE LLC

(Zip Code)

(Name)

5190 Neil Rd, Suite 460
(Address)

Reno ri9502
(City) (State) (ZiP Code)

Source Name and Mailing Address, ifdifferenl fiom #l [NAC 4458.3671.1 and NAC 4458.3681.1]:

N/,\ Sanlc as #l
(Nanre)

.t

(Address)

(city) (srate) (zip code)

Physical Location of Stationary Source [NAC 4458.3671 .2 and NAC 445 8.3681 .7]: (if no physical

address, describe location, e.g., 4 miles south of l-80 at xx Interchange)

291000 l,one -l ret Nline Rr)rd. \ rlnr\. \\ llg.l-.llJ

12 E; Section(s)
t-3. l0-17.2t-21,28-
29. and 3l -32Township(s) 3l N; Range(s)

-tl .l-1

JI

-.]-.1 12

5. Responsible Olficial Name, Title and Address [NAC 4458.295.l]

vP. En\ ironmental & Pcrmittins

I l,l

5and6

llark Ilillcr
(Name)

5190 Neil Rd, Suite 460

(Title)

(Address)

Reno ta \' ,t9502

Rer'. l0 2006

(FAX 4)

(State)

(E-mail address)

Page .l

(City)

(77s) 39?:M!q

(Zip Code)

m miller(a: iE0gold.com
(Telephone f)

I
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GENERAL COMPANY INFORMATION (CONTINUED)

Plant Manager or Other Appropriate Contact INAC 4458.3671. I and NAC 4458.3681 . I ]

Sharln Larlson Lone Tree Site Manaser
(Name)

291000 Lone Tree Mine Road

(Title)

(Address)

Valmy Nv 89138
(City)

(775) 304-02E6

(State) (Zip Code)

slawson .com

1

(Telephone #) (FAX #) (E-mail address)

If records required under the operating permit will be kept at a location other than the source, speciry that

location INAC ,1458.3671.5 and NAC 4458.36E I ].

N/A - Records will be kept onsite
(Name)

(Address)

(City) (State) (Zip Code)

Rev. 10i2006 Page 5



s

a. An identification and description ofany equipment for control ofmercury emissions fiom all
existing thermal units that emit mercury. including any presumptiye NyMACT controls. In
addition to the identification and description, please complete Section 5 ofthe Mercury Unit
application form in Appendix I. A separate Mercury Unit application form is required for each

thermal unit that emits mercury. INAC4458.367].ll
b. A proposed monitoring plan for each thermal unit that emits mercury consistent with the

requirements of NAC,{45B.3673.2(a). Include the plan in Appendix 2.

c. For each requested mercury earll reduction credit. the additional controls that are proposed to be

implemented to reduce mercury emissions. [NAC 4458.3671.6]

tr Tier 2 Uni(s) - Please provide the following:

a. An identification and description ofany equipment for control ofmercury emissions from all
existing thermal units that emit mercury, including any presumptive NvMACT controls. ln
addition to the identification and description, please complete Section 5 ofthe Mercury Unit
application fomr in Appendix l. A separate Mercury Unit application form is required for each

thermal unit that emits mercury. [Section 33.1 ofamended NAC 4458]
b. A proposed monitoring plan for each thermal unit that emits mercury consistent with the

requirements ofSection 33.2(b) ofamended NAC 4458. lnclude the plan in Appendix 2.

Phase 2 Application

! Tier I or Tier 2 Unit(s) - Please provide the follorving

a. A proposed monitoring plan consistent with the requirements ofNAC 445B.3675.2. Include the
plan in Appendix 2.

b. The NvMACT analysis for each thermal unit that emits mercury consistent with the requirements of
NAC 4458.3675.l. Include the analysis in Appendix 3.

r Modified Thermal Unit that Emits Mercu

a. Please provide the NvMACT analysis for each thermal unit that emits mercury consistent with the

requirements ofNAC 4458.3681.6. lnclude the analysis in Appendix 3.

tr Request for De Minimis Desiqnation

a. For a request tbr determination of de minimis mercury enlissions, include a de minimis
delnonstration in Appendix 4. De minimis status is considered for each thennal unit.

Demonstration must be at the individual unit level, but include cumulative irnpact of all de minimis
units at a facility. INAC 4458.3613 and NAC 4458.3657.3]

b. De minimis demonstration must include, at a minimum: identification of the proposed thermal unit.
a process description, location. unit manufacturer. unit model. serial nunrber and fuel type used (or
speci! ifelectric). Identify if any exhaust stacks arc shared and if mercury emission controls are

utilized. INAC 4458.295]
c. lnclude potential to emit values based on unit operation at maximum design capacity at 8.760 hours

per year. Supply laboratory test results, perfomrance stack test results and calculations
implenrented to calculate potential to enrit mercury emissions. lnclude a thorough discussion of
any assumptions. [NAC 445 8.295]

d. Identifu under what Air Qualir,," Operating Pemrit the proposed units are contained and ifthe
proposed units are designated as "insignificant" or "non-permitted items." [NAC 4458.295]

Rev. l0 2006 Page 6

APPLICATION INFORMATION

This application is submitted for (please check appropriate box below):

Phase I ApDlication

! Tier I Unit(s) - Please provide the following:
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APPLICATION INFORI\rATrON (CON'l l:',JU1lD)

The application must also contain:
a. An identification ofeach thermal unit that emits mercury. In addition to the identification ofeach

thermal unit that emits mercury, please compl€te Section I ofthe Mercury Unit application form in
Appendix l. Complete a separate Mercury Unit application form for each thermal unit that emits

mercury. [NAC 4458.367t.2 and NAC 4458.36E1.21
b. A description ofthe production rates. operating schedules. fuels. fuel use and raw materials to be used

for each thermal unit that emits mercury. In addition to the description, please complete Sections 2

and 3 of the Mercury Unit application form in Appendix I . Complete a separate Mercury Unit
application form for each thermal unitthatemits mercury. [NAC 4458.3671.3 andNAC 4'158.3681]

c. Limitations on the op€ration ofstationary source or thermal unit that emits mercury or any work
practices which may affect mercury emissions from the thermal unit that emits mercurl'. Use Seclions

4 and 5 ofthe Mercury Unit application form in Appendix l. Complete a seParate Mercury Unit
application form for each thermal unit that emits mercury. [NAC 4458.3671.4 and NAC
4458.36E t.4l

d. Requested emissions limits. Use Section 7 ofthe Mercury Unit application form in Appendix l.
Complete a separate Mercury Unit application form for each thermal unit that emits mercury. INAC
4.15B.3671.7 and NAC 4458.3681.71

ll. Will the construction occur in more than one phase? n yes X No

If the colstruction will occur in more than one phase. please provide thc projected date ofthe comnlencement

for each phase ofconstruction (include additional phases ifnecessary): INAC 4458.3687]
Phase I

Phase 2

Phase 3

l2 For Applicstion Submittal:
Please remove the cover page, Table of Contents and General Information page. Submit the remainder of the

application packet as your formal application. This should consist of, at a minimum, the Mercury Operating
Permit to Construct Application cover page, the general Company Information and Application Information,
and any applicable Appendices.

Rev. 1012006 Page 7



Appendix I

THERMAL MERCURY
EMITTING UNIT

APPLICATION FORM



J-
O

 
=

p 
-

5(
/)

 
9-

O
 

i
,r

, 
=

 
l.E

 
i-

lD
o 

J 
-r

 !
'r

: 
.i.

)o
>

'x
*a

F
 

u)
v!

 
=

'l 
-

^=
 

ai
 A

.
'-r

 (
! 

. 
lr!

Y
 o

-:
 

ul
e-

.,A ? 
=

. 
;, 

z
^.

-.
J1

,
=

-o
 

'a
t 

tt
^,

!:l
 

E
r

-6
E

?-
;

av
\n

i-, =
 

,-
.1

 $
 

,r
!r

- 
.D

 +
=

Li
 

C
.::

 
J

=
19

 
-l

5=
9\

J
,, 

,a
 ,

1 
.1

aa
A

T
=

 o
-E

 i
tlc

ae
l

3E
; -

-.
$ 

=
 

7

-.
 =

, 
X

 o
e

=
: 

ai
 

{
o-

<
 

=
 

+
ao

 =
 

-.
,:

o-
 !

D
 :

:l 
(J

=
€ 

&
F

+
 3

.9
1!

"
;3

 e
li

-o
 A

) 
=

 liJ
.

E
19

ra
3I

i3
6]

c=
a

=
,1

 
aa

cl
:: 

=
- 

\,
?-

=
 a

 z
! 

bZ
 

l-
-a

 a
 

Y
-7

P
 =

.; 
--

=
.

a - rn o a- 'o a o_ (1 E a qa o a-

*{ =
.D

aa O
!)

=
o

O
E

?=
'

Y
(!

'(!

a- o o A a q 3

= ,q ? U o- o a- o = rra a- a=
. a IJ F
'

a! a- o lo

= a- o

'rt k [: t =
. :t o o- ? g c

65
'

=
=

a. o 9 <
o

'o 5-
o

.!= I 
-,

1

o.

o t- o ! 3 o o' ar
q o- o a: I 2 (a w \p

c I a c 9 a ?' E = D
) 3 , =
.

l.! 3. e a- .o a ! o =

o^

o c o- a- a o' o o .J
o 3 o

C a- 3 o - ? a o- a o- o a' a co :J to

C t A
'

ra |, .l

o=
o

Y
$a

-
id

=
rD

i--
-5 t,(

,
aa aD

=

'o (D
;

a6 =
ir

6i
,

=
.D <
o- o3 =
o

:. 
(D

oa
-

$r
C

aO *a o)
c!

--
o .,{

- o 'tr .a o = o' o' rr
o

l''
€ 

=
 +

: 
=

aD
 l

! 
(D

 
-i(

!

rH
ar

o;
3.

-1
3.

6i
 .

D
-o

.i.
D

 
ar

o 
<

: 
a 

<
=

=
c>

 
=

t 
.n

'q
o

N
 !

i 
o.

:.=
 

X
 ^

 
d-

=
 

^
r 

- 
o 

O
-d

 
X

-Y
 

^ 
=

:
46

6a
^=

X
'i6

: {
1}

=
.E

 r
If

=
oE

 
=

 I 
i; 

- 
r 

a
6 

3!
 

i 
i 

oi
:3

H
 d

*:
 

:.r
i\ 

I.
D

;-
di

 
O

-':
a

E
 n

it 
rE

l s
c 

- 
).

:! 
=

-,
'r.

-Q
-Y

-=
,N

'\S
# 

*^
=

; 
I a

iS
rD

;''
6a

._
:

=
.:'

:a
X

 
k 

Y
: 

F

;1
3 

=
 ;;:

 
E

=
,i?

e.
 

S
qi

E
a 

- 
,-

l 
:; 

aD
 )

--
 ^

o-
5 

9 
q;

 
=

 i
.! 

r 
- 

=
 

- 
f,-

=

! 
q 
=

 
E

s 
i i

<
 l

- 
x 

=
S

i
3=

q 
=

g*
i

o-
fr

, 
=

 5.
->

-'
.o

--
N

=
;}

(

6 
rd

 
E

 a
L€

\,)
 

) 
- 

=
r 

^ 
4"

-!
 

P
 

3 
=

; 
i

3 
9 

q,
 

- 
A

S
 =

1
+

*9
 

=
o 

3l
a 

o3
 

: 
=

.s
 d

v)
 i

r=
 

=
 

(,
' 

f 
i

a'
!<

 
-4

c.
!

C
'd

.D
^:

i.
H

 7
s 

€:
 >

;
h=

ri^

;l=
E

 E
;a

i
E

 i;
 

sI
: 

l
a:

 
i 

r
a'

!E
 

A
I 

n
3 

=
 q 

=
 =

:i
!=

: 
?o

B
X

6 
tf:

 
a 

.i 
=

 
o:

1

o (t
7 -E :: = 2 a-

o a- a o = a o o E o o o- a-

.? o- a- a t



Section I - E ul ment Descri tion

*The equipnlenl numhcr is the l'acilitlrs own numbering s)slem lbr this picce ofequipnrenl

Scction 2 - Dcsi n Ratc/O eratin Paramcters

* Note: Please completc if other than the miNimum design capacity (tons per hour and lons per year) and/or the ma,rirnum hours of
operation (24 hours per da). 8.760 hours pcr )'car) are bcing requested. The permil ivill be limited to these values.

Model nunrber_!9!-$pgg!!g{- Serial number-\9!!pgqi!g{ *Equip

(Plcasc sp.cit-r'NAD 27 ! or NAD 83 El: Method used to obtain coordinates: flg..:@)
nleters E: Zone I I

Type of equip

Standard Industrial Classification (SIC) Code l04l

Manufacturer ofequipment Not Specified

UTM Coordinates 4,518.734 meters N: 480.361

Date equipnrent manufactured: Not Snecified

number Not Specified

ment Autoclave (Svstem 17, TU4.00l)

Basic L N/AL ment d inensions feet H N/AW N/A

Hours per dal'_ f)a1s per year_

Total hours required to process batch or charge (ifapplicable) N/A

Tvpe of nraterial processed Ore

Maxinrum design capacity (tons per hour) 180

Requested operating rate (tons per hour)* N/A

Requested operating time: (time of day) + N/A

Batch load or charge u'eight (tons) (ifapp licable) N/A

Requested operating rate (Ions per year)* N/A

hr

Maximum operating rate (tons per year No limit requested

Appendix l, Page I

a.

b.

c.

d.

e.

f.

THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

MERCURY OPERATING PERMIT TO CONSTRUCT
ECheck here if this is an

elternatil e operating sc€nario

a.

b.

c.

d.

e.

f.

f.



THERMAL N{ERCURY EMITTING UNIT
APPLICATION FORNT

(CONTINUED)

For Unit: Autoclal'e

Section 3 - Fuel Usage / Heat Source - N/A

Elcciric Unit n

'l'1'pe of Fuel
Amount Use d Per

Hour

Ash
Con tent
(% b.Y

weight)

Su lfur
Content
(y,by
weight)

Trace
Elements

(% by
weight)

Oil- Specif'
Type(s)

gallons

gallons

Gasoline gallons

Propane cubic feet

Nalural Gas cubic leet
+Waste Oil gallons

( )thcr

ll'more than one tlpe ol hrcl is combusted. under lhis operating scenario pleasc specili primaq fucl and pcrccnlaSc on a
maximum hourll and annual hasis (iffuel blending is the primaq licl. idcntify ptrcenlaSes ofeach fuel hlcndcd). Allach
addilional information to this lbrm il ncccssa .

'firing ol-rr asle oil \r ill rcquirc multi mclals tcsl to insure fuel is non"harardous

Trace
E lements

(Y" bt-
weight)

Percent
moisture

Pcrccnt
volatile
nratter

Percent
fired

carbon

Tvpe of
Coal
f uel

Amount
Used
Per

Hour
(tons)

Hcat
Content
(specif)

in
B'I'Us)

Ash
Content
(% bt'
weight)

Sulfu r
Conlent
(% by

rveighl)

Coal -
Specily
T1'pe(s)

IIIIIIIIIIIIIIIIIIII

Appendix I, Page 2

Heat Content
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THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

l'or Unit: Autoclave

Section 4 - Pollution Control EquipmenVExhaust Stack Parameters (this section A4Il be
completed)
.Ctrntpletelbrenrissions@:(baghouse.rr'etscrubber.cyclone.
su lfur inr rc ated carbon filter. uncontrolled stack etc

Note l: Specili "unconlrolled" if no pollulion control dcricc is installcd-
Note 2: Manulacturer's guarantee ofconlrol c['licienq musl bc allachcd to this form

Cas Condilioning Control #l Control #2

Quench Yessel
\renturi Scrubber

(vs-00t)
Carbon Bed

(cA-001)
Type ofControl
(See Note I )

Pollurant(s) Controlled Gas Conditioning Particulates &
Mercurv

I\l ercurl

Not Specified Not Specified Not SpeciliedManu facturel

N/A N/A r*/AManufacturer's
Cuarantee (see Note 2)

\ /,\ NiA 95Stack height (feet from
ground level)

N/A N/A 1.6
Stack inside diameter
( feet )

N/A 220
Temperature (oF) at
design capacity

N/,\ \i.\ 9lStack exit velocit)' (feet
per second)

N/A I1.000
(ias volume flow rate:

Aelual cubic ,ccl per nrinulc

Gas l olunre flow rate:
I)rl slrndrrd eubic Icct pcr
minutc

N/A N/A 8.-10t)

To Venturi Scrubbcr 'l'o Carbon Bed )i/A
Unusual slack charac-
teristics (c.g. raincap.

horizontal dischargc)

Appendix l. Page 3



THERMAL MERCURY EMITTING UNIT
APPLICATIOn- FORM

(CONTINUED)

Section 5 - ldenti and Describe Work Practice Standards, f,tc. attach add itional es if necessa

(Eg.. I. Baghouse housing and bags rvill be inspected u'eekly for holesileaks.)

Autoclave
(a) TU4.00l is equipped rvith a release ven( located after the quench vessel and prior to VS-001

Use ofthe release vent shall be limited to 100 hours per year.

VcntLrri Scrubber (vs-00 t)
(a) The differential pressure across VS-001 shall be maintained at or above l3 inches of uater.

based on a l-hour period. except during the autoclave uarm-up period. The uarm-up period is
defined as the period of time after start-up during which the autoclave is brought up to sleady-

state operation. The wamt-up period shall not exceed 3 hours.
(b) The rvater florv rate to VS-001 shall be maintained at or above ll gallons per nrinute. based on

a l-hour period.

('arbon Bed (CA-001 )

(a) CA-001 shall contain at least 17,000 pounds of su lfur- inr pregnated carbon.
(b) The exhaust ternperature entering CA-001 shall be maintained at or belorv 220" Fahrenheit.

based on a l-hour period.
(c) The differential pressure across CA-001 shall be nraintained al or belorv 25 inches ofrvater.

based on a l-hour period.
(d) Sample and replace the carbon in CA-001 as follows:

l. The carbon may be sampled from a sampling canister q1 by grab sample. The carbon

bed may include sampling canisters that u ill contain the equivalent carbon depth as the

carbon filter. These canisters uill receive a slip stream ofthe process gas during
operation ofTU4.00l. The Perntitlee also has the option to dircctl)' collect
representative carbon samples (grab samples) from the inlet and outlet ofCA-001. The

depth ofthe sample location will bc recorded.

2. The canister and grab-sample carbon sampling melhods specified abole mav onll be

altemated al the poinl of complele carbon replacement in CA-001 .

3. Sample the carbon within 90 days after replacement ofthe carbon. The sanrpled

carbon rvill be analyzed for mercury and the average percentage of mercury, by
rveight, will be calculated. Thc loading capacity olthe su lfu r- int pregnated carbon is

207o b1' weight. A sarnple of carbon will be analyzed quarterly until 5070 of the

carbon loading capacit-v is reached. Upon reaching 509/o oflhe carbon loading

capacity, the sampling ofcarbon shall occur monthly until 907o oflhe carbon loading

capaciry is reached. The carbon in CA-001 shall be replaced no later than 30 days after
reaching 907o ofthe carbon loading capacity. The required mercury analysis shall be

performed utilizing one ofthe follou'ing methods:
i. EPA method 6020-lnducl ir el1 Coupled Plasma-Mass Spectrometry':
ii. EPA method 74718- Mercury in Solid or Semisolid Waste lManual Cold-

Vapor Technique): or
iii. An altemative test method as approved by the Director.

(e) On an annual basis, perfomr a total loading anallsis on the carbon in CA-001.
(fl Any sulfur-impregnated carbon replaced in CA-001 rvill be replaced rvith only the original

manufacturer's design specification sulfur-impregnated carbon or rvith equivalent or betler
perform ing mercury removal nredia.

App€ndix l. Page 4
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THERMAL NIERCURY EMITTIIT.G UNIT
APPLICATION FORN{

(CONTINUED)

lor L'nit: ,\ut0clr!e

Section 6 - ldentif)'and Describe Compliance Monitoring Devices or Activitics (altach additional
es if nece

(Eg.. Emissions frorn this unit uill be monitored by CEMS for mercun.)

The Permittce shall
(a) Monitor the daily throughput of ore for TU4.001. in tons.
(b) Monitor the daily hours of operation for TU4.00l.
(c) Monitor the number ofhours when the release vent is in use for TU4'001.
(d) Monitor the diffbrential pressure across VS-001 in inches of water, once per day during

operation.
(e) Monitor the water flow rat€ to VS-001 in gallons per minute, once per da1- during operation.
(f) Monitor the inlet exhaust tenlperature for CA-001 in degrees Fahrenheit. once per shifl during

operation.
(g) Monitor the differential pressure across CA-001 in inches ofrvater, once per day during

operation.
(h) Monitor CA-001 for percentage of mercury by ueight, quarterly until reaching 50 percent

capacity and then monthll'until reaching 90 percent capacit)'.

Appendix l. Page 5



THER}IAL }IERCUR}' EMITTING UNIT
APPLICATION FORNI

(COn-TINUED)

l'or Unit: Autoclave

Section 7 - Proposed Emission Rates

iNotc: ln addition to lb/hr. alrenrative emissions limitations (e.g.. lh/l\'lMBtu. ppm. grainedscl) na) be requestcd by thc applicant. ll altcmaliYe
emissions limitalions arc requestcd. pleasc clcarl] dcscribe thc units in column 2 aborc. [,sc addilional lines. as nccdcd.

Pollutant Potenaial ao

Emit
(pounds/hour*)

Potential to Emit
(lons/)"ear)

Calculation (including reference or emissions
tests) on \\'hich Emissions lnformation is Based

(attach supporting information including dates of
tests/methods, if necessarl )

Total Mercury (all
form s)

N/,\ N/A

Total Mercury
(altemative em issions
limitations)

5.0 x l0-l
grldscf N/A NvMACT Interim Limit (1'U'f D)

Appendix l. Page 6



THERNIAL I\TERCURY EMITTING UNIT
APPLICATION FORNI

MERCURY OPERATING PERMIT TO CONSTRUCT
DCheck here ifthis is rn

eltcrnrtire operrling scenario

Section I - E ul ment Descri tio n

'l llc cquipnlcnt number is the lacilil)'s o\vn numbcrinS slstcfi lbr this picce ofcquiFnrcnt

Section 2 - Desi n Ratr/O cr tin Pr ramctrrs

i Notc: Plcasc complete if o(her than thc m \imum dcsign capacitl (tons per hour and lons pcr ) car ) and/or lhc rna,iimunt hours ol
opcralion(24hoursperda).8.760hourspcr)car)arcbcingrequested. Thcpemrit$ill hc limitcd to thcsc values.

a

b

c

d

e

t
(Ptcase spccif) NAD 27 ! or NAD 8-1 El; Irlcthod used to obtain coordinatcs: glg..lE44)

* liqu ip. nu mber-fg!_!pq!!!9!_

nreters E: Zone ll

Type of equip ation Kiln (Svstem 2l.I'U,1.002)

Standard Industrial C lassification (SIC) Code l04l

Manufacturer of equip nlent Not Specified

nleters N: {80.175

nrent Carbon Rcsencr

Basic e I, N/AUl nrent dinrensions lcr:t

MLrdel nuntber Not Specificd

)tiot SpecifiedDate equipment manufactured

II N/A

Serial nunrber Not Specified

UTM Coordinates 4.518.765

Hours ner dav Dat s oer vear

d. Batch load or charge weight ltons) (ifapplicable)

-fotal hours required to process batch or charge (ifapplicable) N/A

c

c

Type of material processcd Carbon

Maximum design capacitl' (tons per hour) 0.-12

Requested operating rate (tons per hour)* N/A

Requested operating tinre: (tinrc ofday)* N/A

N/A

No limit reouested

Requested operating rate (tons per year) * N/A

1o

a

b

l-. Maxinrum operating rate (tons per )'ear)

L

Appendix l. Page 7



THERi\IAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

l'or Unit: Carbon Regeneration Kiln

Section 3 - Fuel Usage / Heaa Source

Electric Unit E

Tvpe of Fuel
Amount Used Per

Hour
Heat Content

(sprcift' in Btus)

Ash
Content
(% by

rveight)

Sulfur
Content
(%by
u cight)

Trace
Elements

(% by
weight)

Oil- SpeciI
Type(s)

gallons

gallons

Gasoline gallons

Propane cubic feet

Nalural Gas cubic fect

*Waste C)il ga llons

Olher

ll more than onc 1)pc ol fucl is combustetl. undrr this operaling sccnario plcaso spccil) primary litel and pcrccntagc on a
maximum hourly and annual basis(iffucl blcnding is lhc primarl fuel. idcnlil.\ pcrccntages ofeach lucl hlcndcd)- Atlach
additional informrtion lo this li)rm ifneccssrn.

'Firing of\\astc oil \rill rcquirc multi melals test to insurc luel is non-hazarrlous

Perccnt
vol a tile
matter

Percent
fired

carbon

Type of
Coal
Fuel

Amount
Used
Per

Hour
(tons)

Heat
Content
(specif)'

in
BTUs)

Ash
Content
(7. by
weight)

Sulfu r
Cont€nt
('h by
weight)

Trace
Elemenls

(% b)'
weight)

Coal -
Specily
T) pe(s)

IIIIIIIIIIIIIIIIIIIII

Appendix l. Page 8

Percent
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THERMAI, MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

l'or U nit: Carbon Resenera on Kiln

Section 4 - Pollution Control Equipment/Exhaust Stack Parameters (this section 4I be
completed)
-Compleleforemissions@:(baghouse.u,etscrubber.cyclone.
sulllr inr re nated carbon filter. uncontrolled stack etc

Speci[ "uncontrolled" if no pollulion control dc!ice is installcd.
Manulacturer's guarantee olcontrol clllcicncy musl bc altached lo lhis lbmr

Note I
Nolt 2

Control # IGas
(londitioning

Gas
Conditioning

Cas
Conditioning

Carbon Bed

(cA-002)
Type of Control
(See Note I )

Knockout Bor Heat Erchanger l\list Elinlinator

Gas
Conditioning

Cas
Conditioning

NlercurlPollutant(s) Controlled Cas
Conditioning

)tlot SpecifiedManufacturer Nol Specificd Not Specificd

NiAManufacturer's
Guarantee (see Note 2)

N/A \/,\ N/A

N/A 55
Stack height (feet fronr
groLrnd level)

N/A

N/A N/,\ N/AStack inside diameter
(feet)

200
Temperature ('F) at
design capaciS"

\/A N/A

N/A 59Stack exit velociry' (feet
per second)

\/..\ \/A

N/AGas volume flow rate:

Aelual cubic fcet pcr minute
N/,\ N/,\

N/A 210
(ias r. olunre florv rate:
l)r\ stirnditrd cubic I'cct pcr

nrinnlc
N/A

N/A
'l o ll cat

[.rchangcr
To Nlist

EliminaSor
-l'o ('arbon Bed

Unusual stack charac-
terislics 1c.g. raincap.

horizontal dischargc)

Appendix l. Page 9
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THERMAL ]\IERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

['or Unit: Carbon Receneration Kiln

Section 5 - ldenti and Describe \l ork Practice Standards. lltc. attach add itional es ifnecessa

(Eg., l. Baghouse housing and bags will be inspected weekly for holes/leaks.)

Carbon Regeneration Kiln
(a) The kiln drum will be visually inspected for structural damage and cracks annually

Heat Exchanger
(a) Condensed mercurl'from the heat exchanger shall be collected quarterly

n Bed cA-001
(a) CA-002 shall contain at least 450 pounds of sulfur-inrpregnated carbon.
(b) The exhaust tenrperature entering CA-002 shall be maintained at or below 200' Fahrenheit,

based on a l-hour period.
(c) The diff-erential pressure across CA-002 shall be maintained al or below I I inches ofrvater,

based on a I-hour period.
(d) Sample and replace the carbon in CA-002 as follows:

Sarnple the carbon at the inlet and outlet of CA-002 and record the depth of the sample

location. Sarnple the carbon rithin 90 day's after replaccnrent ofthe carbon. The sampled
carbon w'ill be analyzed for mercury and the average percentage of mercury. by rveight, will be

calculated. The loading capacity ofthe su lfur-impregnated carbon is 207o b1 rveight. A sample

ofcarbon will be analyzed quarterly until 507o ofthe carbon loading capacitf is reached. Upon
reaching 507o ofthe carbon loading capacity, the sanrpling ofcarbon shall occur monthly until
907" ofthe carbon loading capacitl is reached. The carbon in CA-002 shall be replaced no

later tlran 30 days after reaching 90% ofthe carbon loading capaciq. The required mercury
analysis shall be perfomred utilizing one ofthe follorving methods:

i. EPA method 6020-lnductively Coupled Plasnra-Mass Spectrometry;
ii. EPA melhod 7471B- Mercun in Solid or Semisolid Waste (Manual Cold-Vapor

Technique): or
iii. An alternative test nrethod as approved by the Director.

(e) On an annual basis. perform a total loading anall'sis on the carbon in CA-002.
(f) An1, sulfur-inrpregnated carbon replaced in CA-002 u'ill be replaced u'ith only the original

manufhcturer's design speciticalion sulfur-impregnated carbon or rvith equivalenl or better
perfonning nrercury removal media.

,\ppendiri I, Page l0



THERMAL MERCURY EMITTING UNIT
APPLICATION FOR]T{

(CONTINUED)

l-or Unit: Carbon Reqeneralion Kiln

Section 6 - Identif) and Describe Compliance Monitoring Devices or Activities (attach additional
es if neces

(8g.. Emissions from this unit will be monitored by CEMS for mercury.)

The Permitlee shall
(a) Monitor the daily throughput ofcarbon for TU4.002, in tons.
(b) Monitor the daily hours of operation for TU4,002.
(c) Monitor the amount ofmercury drained from the heat exchanS,er quarlerly.
(d) Monitor the inlet exhaust temperature for CA-002 in degrees Fahrenheit. once per shift during

operation.
(e) Monitor the differential pressure across CA-002 in inches ofwater, once per day during

operation.
(0 Monitor CA-002 lor percentage of mercurl b1 weight. quarterly until reaching 50 percent

capacity and then rnonthll until reaching 90 percent capacitl.

Appendir I, Page I I



THERMAL MERCURY EMITTING UNIT
APPLICATIOn* FORM

(CONTINUED)

f'or flnit: Carbon Rc[encration Kiln

Section 7 - Proposcd Emission Rates

.Nore: In addition to lh/hr. allemativc cmissions limitations (e.g.. lb/l!lMBtu. ppm. grainVdscl) ma!'be requesled b) lhe applicant. Il ahematilc
emissions limitations are requestcd. plcase clearll dcscribc thc units in colutnn 2 abo\e. llsc odditional lincs. as nccdcd.

Pollutant Potential to
Emit

(pounds/hour*)

Potential ao Emit
(tons/1ear)

Calculation (including reference or emissions
tests) on Which Emissions lnformation is Based

(attach supporting information including dates of
tests/methods, if necessary)

Total Mercury (all
forms)

\/A \/A

Total Mercury
(altemative emissions
limitations)

1.0 x l0r
grldscf

N/A General Industrl' NvMACT l,imit

Appendix l. Page l2



Trpc ol ctluipnrcnl Prcsnant and Barren Solution Tanks (Svsaem 22. TU,1.003 & TU,l.00,l)

(l'lcasc specit) NAD 2? E or NAD 83 fi: Ilcthod uscd to oblain coordinalcs: S!g..jE&4)

meters E: Zone ll

*Equip nunrbcr Not Specified

Manulacturer ofequip mcnt Not Specified

Model number Not S

nrete rs N: 480.-175

ified

Brsic : I- N/AUt n)ent dinlljnsions feet

Standard lndustrial Classification (SIC) Code l04t

Date equipment nranu faclured Not Snccified

HN/

Serial number Not SDecificd

LITM Coordinates 4,518,762

W N/A

THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

MERCURY OPERATIn*G PERMIT TO CONSTRUCT
ECheck here ifthis is rn

alternative opcrrting scenrrio

Section I - E ut ment Descri tion

*'l he cquipmclll numbcr is thc lacility's orvn nuftbcring s\'slcnl lor this piccc ofcquipnrcrrt

Section 2 - I)csi n Ratc/o rati n Paramrtcrs

*Notci PIcasc complete iforher than thc mi imunr dcsign capacitl (tons pcr hour and tons p.r ) car) and or the mtr\imum hours of
operalion(2Jhourspcrda).ll.760hoursper)ear)arcbcingrcquestcd. Thcpcmriltrill he limitcd lo thcsc \aluts

l lours per da1- Dal s per ,"-car-

Total hours required lo process batch or charge (ifapplicable) N/A

c

Tvpe of material proccssed Solution

Maxinrum design capacit-v (tons per hour) 270 cnm. each

Requesled operating rate (tons per hour)* N/A

Requested operatinS, tinre: (tinre of da1-)* N/A

Batch load or charge $'eight (tons) (ifapplicable) N/A

Maxinrunr operating rale (tons per \ ear) No limit reoucstcd

Rcqucstcd operating rate (tons per year)

lo

a

b

d

e

f,

f.

Appendix I, Page I3
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THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(COr-TINUED)

Section 3 - Fuel Usage / Heat Source - N/A

f,lcctric Unit tr

If more lhan onc t]-pe ol' fuel is combustcd, undcr this operating scenario plcase specili primarl luel and percenlage on a

ma.rimum hourll and annual basis (if !!cl blendinS is lhe primary fucl. idcntifl pcrcenlages of each l'ucl blended). Altach
addilional inlbrma(ion lo this form ifnecessan.

if iring ol \raslq oil \rill rcquirc n)ulli mctals lcsl to insurc lircl is non-harur(l()tts.

Tl pe of Fuel
Amount Used Per

Hour
Heat Content

(specif!' in Btus)

Ash
Content
(% by
weight)

Sulfu r
Content
(%by
weight)

Trace
Elements

(% b]'
weight)

Oil- Speci$
Type(s)

gallons

gallons

Casoline gallons

Propane cubic feet

Natural Gas cubic feet

*Waste Oil gallons

Othe r

Sulfur
Content
(% b]'
$eight)

Trace
Elements

(% b)'
weight)

Perccnt
moisture

Percent
volatile
matter

Percent
fixed

carbon

Amount
Used
Per

Hour
(tons)

Heat
Content
(specify

in
BTUs)

Ash
Contcnt
('/. br-

weight)

Coal -
Specily
Tl pe(s)

IIIIIIIIIIIIIIIIIIII

IIIIIIIIIIII

For Unit: Preqnant and Barren Solution'l'anks

Type of
Coal
Fuel

Appendix I, Page 14



THERNIAL MERCURY EMITTINC UNIT
APPLICATION FORM

(CONTINUED)

Section 4 - Pollution Control EquipmenuExhaust Slack Parameters (this section 4I be
completed)
-Completeforentissitlns@:(baghouse.\\etscrubber.c),clone
sultur inr tc ated carbon filter- uncontrolled stack ctc

No(c I
Notr 2

Specif) "unconlrollcd" ifno pollution controlde\icc is inslalled.
Manuthcturer's guarantee ofconlrol clficienc) musl bc attachcd to this lbmr

(ias Conditioning Control #l

i\list Eliminator
Carbon Bed

(c,\-003)
Type of Control
(See Note I )

I\'l e rcu rvCas ConditioningPollutant(s) Controlled

Not Specified Not SpecifiedManulacturer

N/.{Manufacturer's
Cuarantee (see Note 2)

55N/AStack height (feet from
ground level)

NiA 0.50Stack inside diarneter
(feet)

N/A 2r)0Temperature ('F) at
design capaciq

N/,\Stack exit velociq (leet
per second)

570N/AGas volume flow rate:

Aclual cubic fcct pcr nlinutc

.100\/,\
Gas volume flow rate:
Dr] slandard cubic Icct p.r
minute

'l o Carbon lled \/A
Unusual stack charac-
teristics (e.g. raincap.

horizontal dischargc)

Appendix l, Page l5
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THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

Section 5 - lden ti and Describe \1'ork Practice Slandards. ftc. attach additional T es if necessa

(Eg., I . Baghouse housing and bags will be inspected weekly for holes/leaks.)

Presnant and Barren Tanls
(a) TU4.003 and TU4.004 will be inspected every six months for leaks and corrosion

arbon Bed CA-OO
(a)
(b)

CA-003 shall contain al least 650 pounds of sulfur-inrpregnated carbon.

The exhaust temperature entering C4-003 shall be maintained at or below 200' Fahrenheit,

based on a I -hour period.
The differential pressure across CA-003 shall be maintained at or below 5 inches of water,

based on a I -hour period.
Sample and replace the carbon in CA-003 as follows:
Sample the carbon at the inlet and outlet of CA-003 and record the depth of the sample

location. Sample the carbon within 90 days after replacement of the carbon. The sampled

carbon will be analyzed for mercury and the average percentage of mercury. by weight' will be

calculated. The loading capacity of the sulfur-impregnated carbon is 207o by weight. A sample

of carbon wrll be analyzed quarlerly until 5070 ol the carbon loading capacity is reached. Upon

reaching 507o of the carbon loading capacity, the sampling of carbon shall occur monthly until
9070 of the carbon loading capacity is reached. The carbon in CA-003 shall be replaced no

later than 30 days after reaching 907o of the carbon loading capacity. The required mercury

analysis shall be performed utilizing one of the following methods:
i. EPA method 6020-lnductively Coupled Plasma-Mass Spectrometry;
ii. EPA method 74718- Mercury in Solid or Semisolid Wastc (Manual Cold-Vapor

Technique); or
iii. An altemative test method as approved by the Director.

On an annual basis, perform a total loading analysis on the carbon in CA-003.
Any sulfur-impregnated carbon replaced in CA-003 will be replaced with only the original
manufacturer's design specification sulfur-impregnated carbon or with equivalent or better
performing mercury removal media.

(c)

(d)

(e)
( l')

ForUnit:@

Appcndix I. Pagc l6



THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

l'0r Unit: Prcsnanl snd Barrcn Solution'l'anks

Section 6 - Identifl'and Describe Compliance Monitoring Devices or Actit'ities (attach additional
s ifnece

(8g., Emissions from this unit vrill be monitored by" CEMS for mercury'.)

The Permittee shall
(a) Monitor the throughput rate ofsolution for TU4.003 and TU4.004, each. in gallons per

minute. once per da1 during operation.
(b) Monitor the daily hours ofoperation for TU4.003 and TU4.004, each.

(c) Monitor the inlet exhaust temperature for CA-003 in degrees Fahrenheit, once per shift during
operation.

(d) Monitor the differential pressure across CA-003 in inches ofuater. once per day" during
operation.

(e) Monitor CA-003 for pcrcentage ofnrercurl b1 weight. quarlerl)'until reaching 50 percent

capacity and then rnonthly until reaching 90 percent capacity.

Appendix l. Page l7



THERMAL N{ERCURY EMITTIn.G UNIT
APPLICATION FORM

(CONTINUED)

Section 7 - Proposed Emission Rales

rNote: ln addition to lh,hr. altemative cmissions limitations (e.g.. lb,/MMBlu. ppm. g.rainydscl) nra! bc requcsled b) the applicanl. Il altemati\c
cmissions limitations are requested. please clearl! describc thc units in column 2 aborc. tlsc additional lincs. as needed.

Pollutant Potential ao

Emit
(pounds/hour*)

Potential to Emit
(tons/year)

Calculation (including reference or emissions
tests) on Which Emissions Information is Based

(attach supporting information including dates of
lests/methods, if necessar) )

Total Mercury (all
forms)

\/,\ ti/A

Total Mercury
(altemali\,e emissions
limitations)

5.0 r l0'5
grldscf :'i/..\ (iencral lndustrl r-r'Il-\Cl Limit

Appendix l. Page l8
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Trpc ofequipnrent Electro*innins Circuit (3 Cells) (Svstem 23. TU.{.005)

(l'lcasc spccit) NAD 2? ! or NAD 83 8: l\4cthorl used to ohlain coordinatcs: 84..18&!)

meters E: Zone I I

r Equ ip nunrber Not Specified

Standard Industrial Classification (SlC) Code l04l

Manulacturer of equipnrcnt Not Spccificd

Date equipm en( manufactured: Not Soecified

meters N 5.2tUTM Coordinates 4 518 111

cct fied

.ltt0

Ba sic I- N/Aul ment d inlensions t'eet

Modcl nunrber Not SDecified

II N/A

Serial nunrber Not S

THERMAL MERCURY EIIIITTING UNIT
APPLICATION FORNT

NIERCURY OPERATING PERMIT TO CONSTRUCT
ECheck hrre if lhis is an

rltcrnrti\ e operrlirg scenrrio

Section I - E llI ment l)rscri tion

*1-hc cquipnrcnt nunrher is thc lacilll]'s o\r'r nunlhcring slstcnr lbr this piccc ol cquipmcnt

Scction 2 - Desi Ratr/() rratin Pararrctcls

+Note: Plcasc completc if dhcr lhan lhc ma](imum dcsign capacil) (tons pcr hour and lons pcr ) car) and/or lhe mcrimum hours of
operatitu (2l hours perda).lt.T60 hours perlear)are bcing requestcd. lhcpemrit$ill be limitcd to these \alucs.

Hours per da1'_ Days per vear_

d. Batch load or charge weight (lons) (ifapplicable)

Total hours required to process batch or charge (ifapplicable) N/A

c

Type of material processcd Solulion

Maximum design capacity (tons per hour) 270 eDnr

Requested operating rate (lons per hour)* N/A

Rctluested opelating tinlc: (tinrc ol'da)')+ N/A

Rcquested operating rate (tons per year) ,} N/A

lo

b

e

f

s

f.

Appendix I, Page l9
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f.

Marinrurn operali g ratc (tons per )car)



THERMAL MERCURY EMITTIN.G UNIT
APPLICATION FOR]U

(CONTINUED)

liorUnit: ElectrorvinningCircuit

Section 3 - Fuel Usage / Heat Source - N/A

Elcclric Unit tr

Ty pe of Fuel
Amount Used Per

Hour
Heat Content

(spccifv in Btus)

Ash
Content
(% b]'
weight)

Su lfu r
Content
(%br'.
weight)

Trace
Elements

(% by
weight)

Oil- Speci$
Type(s)

gallons

-qallons
Gasoline gallons

Propane cubic feet

Natural Gas cubic feet

*Waste Oil gallons

(fther

ll'more than one l)pc ol'lircl is comhusted, uoderthis opcrating sccnario please specili primarl llcl and perccntage on a

milrimum hourll and annual basis (if fuel bleoding is thc primaD lucl. identil! pcrcenlagcs ol cach liel blended). Attach
ddditional informalion to this lbrm ifnecessan.

*f iring oi rvaste oil rr ill rcquirc multi metals tcsl to insure lucl is non-hazardous.

Heat
Content
(specif,'"

in
BTUs)

Ash
Content
(o/" by
weight)

Su lfu r
Content
("/o bY

wcight)

Trace
Elements

(% by
weight)

Prrccnt
moistu re

Percent
volatilc
matter

Perccnt
fired

ca rbo n

'[r'pe of
Coal
Fuel

Amount
Used
Per

Hour
(tons)

Coal -
SpeciI
T) pe(s)

IIIIIIIIII IIIIIIIIIIIIIIIIIIII III
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THERI\IAL MERCURY EMITTINC UNIT
APPLICATION FORNI

(CONTINUED)

For Unit: Electrowinnins Circuit

Section 4 - Pollution Control EquipmenUErhaust Stack Parameters (this section 4!!II be
compkted)
-Comp lete lbr enrissions exhausting through a stack, chimney or ieDlt (baghouse. rvet scrubber. c1,clone,
sLrlfur inr rc nated carbon fl lter uncontrolled stack- etc

,\_ott I
l\_otc 2

Spccit_r "uncontrollcd" il'no poll!lion coDlrol der icc is installcrl.
Mannlacturcr's gurrantcc ol-conlnrl clllciorlc) musl hc allachcd lo this li)nn

(lontrol #lGas Conditioning Gas Conditioning

Carbon Bed

(cA-004)
lUist [.liminator H eatcrType of Control

(See Note I )

Gas Conditioning lll ercu rvCas ConditioningPollLrtanl(s) Cotttlollcd

Not SpecifiedNot Specified Not SpccifiedManufacturer

:! /.{N/,\ N/..rManufaclurer's
Cuarantee (see Note 2)

-18\/,\ \/.\Stack height (feet from
ground level)

l.{6N/AStack inside diameter
(feet)

200N/,\ N/ATemperature ('F) at
design capaciq'

79N/,\ \/,\Stack exit velociR' (feet
per second)

7 ,920N/,\ N/.\Gas volume flow rate:

Aclualcubic [..] pcr minutc

N/A 6.700N/A
Gas volume flow rate:
Dry standard cubic lict per

minutc

N/..\'l o Ilcutcr 'Io Carbon Bed
Unusual stack charac-
teristics 1e.g. raincap.

horizontal discharg.)

Appendix l, Page 2l



THERMAL I\{ERCURY ENIITTING UNIT
APPLICATION FORIIT

(CONTln-UED)

Section 5 - ldenti and Describe r,! ork Practice Standards. l-tc. attach additional if necess

(Eg., l. Baghouse housing and bags will be inspected weekly for holes/leaks.)

Electrou'innin C'

(a) The lids on TU4.005 shall be closed during operation

Carbon Bed (CA-004)
(a) CA-004 is a two-stage bed, with each stage containing at least 5,500 pounds ofsulfur-

impregnated carbon.
(b) The exhaust temperature entering CA-004 shall be maintained at or below 200" Fahrenheit,

based on a I -hour period.
(c) The differential pressure across CA-004 shall be maintained at or below 9 inches of water,

based on a l-hour period.
(d) Sample and replace the carbon in CA-004 as follows:

Sample the carbon at the inlet and outlet of CA-004 or at the inlet and oullet of each stage of
CA-004 and record the depth of the sample location. Sample the carbon within 90 days alter
replacement of the carbon. The sampled carbon will be analyzed for mercury and the average

percentage of mercury, by weight, will be calculated. The loading capacity of the sulf'ur-
impregnated carbon is 207. by weight. A sample of carbon will be analyzed quarterly until
507o of the carbon loading capacity is reached. Upon reaching 507o of the carbon loading
capacity, the sampling of carbon shall occur monthly until 907o of the carbon loading capacity

is reached. The carbon in CA-004 shall be replaced no later than 30 days after reaching 907o

of the carbon loading capacity. The required mercury analysis shall be performed utilizing one

of the follouing methods:
iv. EPA method 6020-lnductively Coupled Plasma-Mass Spectrornetry;
v. EPA method 74718- Mercury in Solid or Semisolid Waste (Manual Cold-Vapor

Technique); or
vi. An altemative test method as approved by the Director.

(e) On an annual basis, perform a total loading analysis on the carbon in CA-004.
(0 Any sulfur-impregnated carbon replaced in CA-004 will be replaced with only the original

manufacturer's design specification sulfur-impregnated carbon or with equivalent or better
perfomring mercury removal media.

Appr'ndix I, Page 22
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THER}IAL NIERCURI' E]VIITTING UNIT
APPLICATION FORM

(CONTINUED)

!'or Un it: Electron innins Circuit

Section 6 - Identify and Describe Compliance lllonitoring Devices or Activities (anach addilional
es if neces

(8g.. Emissions from this unit u'ill be monitored b1'CEMS for mercury'.)

The Permittee shal|.
(a) Monitor the throughput rate ofsolution for TU4.005 in gallons per minute, once per day

during operation.
(b) Monitor the daily hours ofoperation for TU4,005.
(c) Monitor the inlet exhaust temperature for CA-004 in degrees Fahrenheit. once per shifl during

operation.
(d) Monitor the differential pressure across CA-004 in inches of waler, once per day during

operation.
(e) Monitor CA-004 for percentage ofntercury b1'weight, quarterly until reaching 50 percent

capacity and then monthll'until reaching 90 percent capacity.

Appendix I, Page f3



THERMAL MERCURY EMITTING UNIT
APPLICATION FORNT

(CONTINUED)

For Unit: [.lectrowinnine C ircuit

Section 7 - Proposed Emission Rates

*Nore: In addition to lb/hr. altcrnative emissions linritations (e.g.. lb/N'lMBtu. ppm. Srainvdsc0 ma) hc rcqucstcd b1 thc applicunt. I l allemativc

cmissions limitalions arc rcquesled. please clcarl) dcscrihc lhe lnits in column 2 above. Lisc tdditional lincs. as necdcd

Pollutant Potential to
Emit

(pounds/hour* )

Poaential to Emit
(tons/year)

Calculation (including reference or emissions
tests) on Which Emissions !nformation is Based

(attach supporting information including dates of
tests/methods, if necessarl )

Total Mercury, (all
fornr s)

N/A r-/,1

Total Mercury
(alternative enr issions
linr itations)

5.0 x | 0-5

grldscf N/A Gencral lndustrv Nvl\IACT t,imit
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THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

MERCURY OPERATING PERMIT TO CONSTRUCT
OCheck here ifthis is an

eltcrnrtire operrting scenerio

Section I - E ut mcnt Descri tion

*The equipmcnl nunlber is the l'acilit-v's oNn nunlbcrinS s)'stcm for this picce ol cquipnlcnt

Section 2 - Dcsi Ratc/o c ratin Prrx rnrlrrs

*Note: Please complete ifother than the m&\inlunr design capaciq (tonspcrhourand tons pcrl-ear)and/or thc ntaxintunt hours of
operation (24 hours per da}. 8.760 hours per )ear) arc hein8 requested. The prrmil $ill he limited to thtsc ralucs

a

b

c

d

e

f.
(Plcasc sf'ccil) N'^l) l7 E or Nn t) 8.i [: Nlcthod uscd to ohtain e orrrilrrralc\ q4-.18&4)

+ Equip. nunrbcr_!pj-fogg!!99!_

meters E: Zone I I

Type of equipment Retort (Svstem 2{. TU,1.006)

Manufacturer of equip nlent Not Spccified

I- N/A

Dale equipm errt manufactured: Not Specified

Standard Industrial C lassificatron (SIC) Code l04l

Model number Not S ified

Bas ic UI nrcnt dinrensions ( feet) I{ N/A

nreters N: 480.242

W N/A

UTM Coordinates 4.518,747

Serial nunrber :',lot SDecified

Hours per da1'_ Dals per year-

Total hours required to process batch or charge (ifapplicable) Not Specified

c

Maxinrunr design capacitl (tons per hour) 0.26 tons per batch

Requested operating rate (tons per hour) + N/A

Requested operating time: (time of da)-)+ N/A

Requested operating, rate (tons per year)

t()

a

b

d

e

f.

I.

Appendix l, Page 25

Batch load or charge weight (lons) (ifapplicable) 0.26

Maximum trperating rate (tons pcr ) car)

Tl pe of nratcrial processed



THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

For Unit: Retort

Section 3 - Fuel Usage / Heat Source

Elcctric Unit tr

If morc than one t)pe o[ l'ucl is combustcd. under lhis opcrating sccnario plcase spccifl primaD licl and percentagc on a
maximum hourll and annual basis (iffucl blending is lhc primarl fuel. idcntil.r pcrcentages ol-cach l'ucl blended). Attach
addilional inlbrmalion to fiis lbrm iI ncccssa^.

*FirinS ol $aslc oil \!ill require multi nrclals test l() Insurc lucl is non-hazardous.

T1'pe of t-uel
.4mount Used Per

Hour
Heat Content

(specifl in Btus)

Ash
Content
(%" by
weight)

Sulfu r
Content
(%by
weight)

Trace
Elements

(% by
weight)

Oil- Speci$'
Type( s)

gallons

gallons

Gasolirre gallons

Propane cubic feet

Nalural Gas cubic feel
*Waste Oil gallons

Other

S u lfur
Content
(% br'
rleight)

'l'race

Elements
(% bl'
weight)

Pcrcent
moistu rc

Percent
volatile
matter

Perccnt
fired

carbon

Amount
Used
Per

Hour
(tons)

Heat
Content
(specif]..

in
BTUs)

Ash
Content
(% br'
weighl)

Coal -
Spec ity
T) pe(s)

IIIIIIIIIIIIIIIIIIII

IIIIIIIIIIII
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THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

['or Unit: Retort

Section 4 - Pollution Control Equipment/Exhaust Stack Parameters (this section 4I be
completed).Completefbremissions@:(baghouse.rretscrubber,cycIone.
sulfur int re nated carbon filtcr. uncontrolled stack etc

Control #2Control #l

Carbon Bed

(cA-005)
Type of Control
(See Note I )

Condenser
(co-001)

l\lercurl' l\lerrun'Pollutant(s) Controlled

Not SpecifiedManul'acturer Not Specificd

Manufaclurer's
Cuarantee (see Note 2)

N/A

.1tt
Stack height (feet from
ground level)

:\i/A

0..1.1
Stack inside diameter
(feet)

.\.-/,\

I0.1
Temperature ('F) at
design capacity

N/A

t1Stack exit velocity (feet
per second)

N/A

90
Gas volume flow rate:

Actual cubic l_eet per nrinutc
.\-/A

r--/A
Gas l'olume florv rate:
[)D slandard cubic ttel pcr
,ninutc

Unusual stack charac-
teristics 1e.g raincap.

horizontaldischarge)

'l'o Carbon Bcd

Note I
Note 2

Specif] "uncontrollcd" il no pollulion control dcricc is installcd.
Manut-aclurcr's guaranlcc ol control cfllcicnc) nlusl bc altached to this lbml

Appendix l. Page 27
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THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

Seclion 5 - ldenti and Describe Work Praclice Standards, Etc. attach additional es if ne

(Eg.. l. Baghouse housing and bags will be inspected u'eekly for holes/leaks.)

Retort
(a) During heating ofTU4.006, the vacuunt pressure uill be maintained at or above 5 pounds per

square inch absolute, based on a l-hour period.
(b) TU4.006 shall automaticalll' shut off via interlock ifthe vacuum pressure is less than 5 pounds

per square inch absolute, based on a I-hour period.

Condenser c o-00 rI )

(a) The exhaust tenrperature at the outlet ofCO-001 shall be maintained at or belorv 85"

Fahrenheit, based on a l-hour period.
(b) TU4.006 shall autornatically shut offvia interlock ifthe C0-001 outlet exhaust tenrperature is

ahove 105" Fahrenheit, based on a l-hour period.
(c) Condensed mercury from CO-001 shall be collected monthly.

Carbon Bcd cA-00i( I

(a) CA-005 shall contain aI least 530 pounds of sulfur-intpregnated carbon.
(b) The exhaust temperalure entering CA-005 shall be maintained at or belorv 200' Fahrenheit.

based on a l-hour period.
(c) The differential pressure across CA-005 shall be maintained al or below 9 inches ofrvater.

based on a l-hour period.
(d) Sample and replace the carbon in CA-005 as follows:

Sanrple the carbon at the inlel and outlet of CA-005 and record the depth of the sanrple

location. Sample the carbon llithin 90 days after replacemenl oflhe carbon. The sampled
carbon u'ill be analyzed tbr mercur;' and the average percentage of mercury, by rveight, *'ill be

calculated. The loading capacity ofthe sulfur-impregnated carbon is 207o b1'weight. A sample

ofcarbon rvill be anall'zed quarterll until 507o ofthe carbon loading capacity is reached. Upon

reaching 507, ofthe carbon loading capacity, the sampling ofcarbon shall occur monthly until
907o ofthe carbon loading capacity is reached. The carbon in CA-005 shall be replaced no

later than 30 days after reaching 90% ofthe carbon loading capaci6-. The required mercury

analysis shall be performed utilizing one of the follorving methods:

iv. EPA method 6020-lnductively Coupled Plasma-Mass Spectrometryi
v. EPA method 74718- Mercury in Solid or Semisolid Waste (Manual Cold-Vapor

Technique): or
vi. An alternative test method as approved by the Director.

(e) On an annual basis. perform a total loading anall'sis on the carbon in CA-005.
(fl Any sulfur-impregnated carbon replaced in CA-005 sill be replaced with onll the original

nranufacturer's design specification sulfur-intpregnaled carbon or u'ith equivalent or better
perfonning mercury removal media.

Appcodix l. Page l8
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THER}IAL lUERCURY EMITTING UNIT
APPLICATION FOR]T{

(CONTINUED)

For Unit: Retort

Section 6 - ldentifl- and Describe Compliance Ntonitoring Devices or Activities (attach additional
es if necess

(Eg.. ['.rnissions from this unit u'ill be ntonitored by CEMS for mercury'.)

The Permitlee shall'.
(a) Monitor the batch weight of precious metal bearing meterisl for TU4,006, in tons. for each

batch.
(b) Monitor the daily hours ofoperation for TU4.006.
(c) Monitor the vacuum pressure on TU4,006 in pounds per square inch, once per day during

operation.
(d) Monitor the outlel exhausl temperature ofCO-001 in degrees Fahrenheit. once per dal'during

operation.
(e) Monitor the amount of nrercury drained from CO-001 monthly .

(0 Monitor the inlet exhaust ternperature for CA-005 in degrees Fahrenheit, once per shift during
operation.

(g) Monitor the differential pressure across CA-005 in inches of *ater. once per day during
operation.

(h) Monitor CA-005 for percentage ofmercury b1'weight. quarterly until reachin8,50 percent

capacity and then nronthly until reaching 90 percent capacit-r'.

Appendix l, Page 29



THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

I or Unit: Retort

Section 7 - Proposed Emission Rates

.Norc: ln addirion ro lb,/hr. alrcmarivc cmissions limitations (e.g.. lb/ltlMBtu. ppm. grainVdscl) ma1 be requestcd b) the applicant. lialtematire
cmissions limitalions are requcsted. please clearll dcscribe thc unils in column 2 abot e. l,se addilional lines. as needcd.

Pollutant Potential to
Emit

(pounds/hour*)

Potential to Emit
(tons/y ear)

Calculation (including reference or emissions
tests) on Which Emissions lnformation is Based

(attach supporting information including dates of
tests/methods, if necessarl )

Total Mercury (all
fornrs)

N/A N/A

Total Mercur}'
(altemative enrissions
limitations)

1.0 x l0{
grldscf N/A General lndustry' NvNIACT Limit

Appendix l, Page 30



THERMAL MERCURY EMITTING UNIT
APPLICATION FORI\{

NIERCURY OPERATING PERNTIT TO CONSTRUCT
ECheck h€re if lhis is an

sllerrlrtile operrting scetlrrio

Section l - E ul mcnt l)escri tion

'l-hc cquipnl.nt numb.r is lhc t'acilit]'s o\\n numbcring s)'sl.nl lbr this piece ofcquipmcnl

Section 2 - Des n Ratc/() cratin Paranrctcrs

*Notc: ltlcnsc complctc il'othcr than the maxinrum dcsign capacil) (lons per hour itnd tons pcr ]'ear) 0nd/or the tnarintum hours ol
opcralion (2,lhours pcrdal. t.760 hourspcrlcar)ar!'beingrcqucstcd Thepemrilrrill hc limited tothcsc values.

a

b

c

d

e

f.
(Plcnse specili NAI) 27 E or NAt) 8l 8: Method used to obtain coordinalcsi J&..1P&4)

meters E: Zone ll

* Equip nunrbcr Not Specified

Type ol equip rncnr l\lelt l'urnacr (System 25. TU4.007)

Standard Industrial Classification (SlC) Codc l04l

Manufacturer of equipment Not Specified

nretcrs N :,180.2.1-1

Basic e I- NiAul ntent dintensions li'ct

Modcl numbcr Not Specified

Not SDecifiedDate equipment manufactured

H N/A

Serial nunrber Not Specified

[]TMCoordinates 4.518.745

\!' N/A

I lours oer dar f)ar s ocr vear

d. Batch load or charge $'eight (tons) (if applicable)

Total hours reqLrired to process batch or charge (ifapplicable)

c

Type of material processed Retorted Drecious nretal bearin

Maximum design capacit-v (tons pcr hour) 0.26 t0ns Der batch

Requested operating rate (tons per hour)* N/A

Requested operating time: (tinre of day)

0.26

Not S

Maxinrum opcrating rate (tons per lear) \o limit requested

Rctluested opcrating rate (tons per year) + N/A

lo

a

b

ili rde

f

l. mnterial

Appendix I, Page 3l



THER}IAL I\{ERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

For Unit: l\lelt [-urnace

Section 3 - Fuel Usagr / Heal Source

Elcctric Unit E

Tl pe of Fuel
Anrount Used Per

Hour
Heat Content

(specifv in Btus)

Ash
Content
(% b)
weight)

Su lfu r
Content
(%b)'
weight)

Trace
Elements

(% by
weight)

Oil- Speci$
Type(s)

gallons

gallons

Gasoline gallons

Propane cubic feet

Natural Gas cubic feet

*Waste Oil gallons

Other

II'more lhan one ope ol lirel is combustcd, under this operating sccnario pleasc specili primar) litcl and pcrccntagr: on a
maximunr hourll and annual basis (iffucl blcnding istheprimaD tuel. idenlil-\ pcrcenlages ofeach luel blendcd). Attach
additional informatiolr to this lorm ifnccessan.

l riring ol r\asle oil \r ill rcquirc muhi mcluls tcst to insurc ltlcl is non_hazardous

Percent
1.ola tile
matter

Percent
fired

carbon

Heat
Content
(specift'

in
BTUs)

Ash
Content
(% b)'
weight)

Sulfur
Con tent

(%o bv
weight)

Trace
Elements

(% b)'
weight)

Percent
moisture

'I'r'pe of
C'oal
I uel

Amount
Used
Per

Hour
(ton s)

Coal -

Spec ify
T) pe(s)

IIIIIIIIIIIIIIIIIIII

I
II
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THERNIAL MERCURY EMITTINC UNIT
APPLICATION FORM

(CONTINUED)

For Unit: l\telt [-u rnace

Section 4 - Pollution Control Equipment/Exhaust Stack Parameters (this section 4l be
completed)
-Completeforenrissions@:(baghouse.uetscrubber.cyclone.
sulfur inr rc ated carbon filter. uncontrolled stac etc

Spccil,\ "uncontrolled" if no pollulio conlrol dc\icc is installcd.
Manulacturcr's guarantcc oicontrol clllcicnc) musl hc atlachcd tt,lhis li)ml

Note I
Note 2

Control #2(lontrol #l

Cartron Bed

(cA-006)
Baghouse

(BH-00r)
Type of Control
(See Note I )

I\Iercu rvPollutant(s) Controlled Particulates

Not SpecificdNot SpecifiedManufacturer

N/AN/AManufacturer's
Cuarantee (see Note 2)

,18N/AStack height ( feel fronr
ground level)

N/,\ I .0.1
Stack inside diameter
( feet)

2 0r,N/ATemperature ('F ) a(

design capacitl'

6ll\/,\Stack exil velocit)' (t'eel

per second)

3.0.10
Gas volume llow rate:

Actual cubic lccl ncr nrinutc

2.300
Gas volume flow rate:
Dr] standard cuhic lcct per

minute
N/A

'l'o Carbon Bed
Unusual stack charac-
leristics 1c.g raincap.

horizontal dischargc)
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THERMAL MERCURY EMITTING UNIT
APPLICATION FORM

(CONTINUED)

and Dcscribe l!'ork Practice Standards Utc. attach additional es if necessaSection 5 - ldenti
(Eg.. l. Baghouse housing and bags rvill be inspected ueekly tbr holes/leaks.)

Furnace
(a) TU4.007 will process only retorted precious melal bearing material

Baqhouse (BH-001 )
(a) The differential pressure across BH-001 shall be maintained benveen 1.8 and 9.5 inches of

uater, based on a l-hour period.

Carbon Bed (CA-006)
(a) CA-006 shall contain at least 6,200 pounds of sulfur-impregnated carbon.
(b) The exhaust temperature entering CA-006 shall be maintained at or belorv 200" Fahrenheit.

based on a l-hour pcriod.
(c) The differential pressure across CA-006 shallbe maintained at or below l2 inches ofrvater,

based on a l-hour period.
(d) Sampte and replace the carbon in CA-006 as follou's:

Sample the carbon al the inlet and outlet of CA-006 and record lhe depth of the sample

location. Sample the carbon rvithin 90 days afler replacement ofthe carbon. The sampled

carbon lvill be analyzed lor mercury and lhe average percentage of mercurl'. by weight, will be

calculated. The loading capacity ofdle su lfur-impregnated carbon is 207" by weight. A sample

ofcarbon rvill be analyzed quarterly until50o/o ofthe carbon loading capacity is reached. Upon
reaching 507o ofthe carbon loading capacitl', the sampling ofcarbon shalloccur monthll.until
907o of the carbon loading capaciry- is reached. The carbtln in CA-006 shall be replaced no
later than 30 days afte'r reaching 90%o of the carbon loading capaciq'. The required mercury
analysis shall be perfornred utilizing one ofthe follorving nrethods:
vii. EPA method 6020-lnductively Coupled Plasma-Mass Spectromelry;
viii. EPA method 7471 B- Mercury in Solid or Semisolid Waste (Manual Cold-Vapor

Technique); or
ix. An altemati,'e lest method as approved by the Director.

(e) On an annual basis, perlbnn a total loading anall sis on the carbon in CA-006.
(fl An1' sulfur-impregnaled carbon replaced in CA-006 rvill be replaced rvith only the original

manutacturer's design specification sulfur-inrpregnated carbon or \vith equivalenl or better
perfomring mercury retnoval media.

Appendix l, Page 34
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THER}IAL i\IERCURY ENIITTING UNIT
APPLICATION FORi!T

(CONTINUED)

For Llnit: l\lelt Iurnace

Section 6 - Identify and Describe Compliance Nlonitoring Devices or Activities (attach additional
if' l

(8g.. Ernissions fronr this unit u ill be nronitored b1' CEMS for mercurl .)

The Permittee shall:
(a) Monitor the batch weight of retorted precious metal bearing miterial for TU4.007, in tons.

fbr each batch.
(b) Monitor the daily hours ofoperalion for TU4,007.
(c) Monitor the dift-erential pressure across BH-001 in inches ofrvater, once per day during

operation.
(d) Monitor the inlet exhaust temperature for CA-006 in degrees Fahrenheit, once per day during

operation.
(e) Monitor the differential pressure across CA-006 in inches ofwater. once per day during

operation.
(l) Monitor CA-006 for percentage of mercury by rveight. quarterl)' until reaching 50 percent

capacity and then monlhly until reaching 90 percent capacitv.
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TIIERMAL MERCURY EMIT'IING Un*lT
APPLICATION FORI\{

(CONTINUED)

For Unit: l\{elt Furnacc

Section 7 - Proposed Emission Rates

rNote: In addition to lb/hr. allemalive emissions limitations (e.g.. lblMMBtu. pprn. Srains./dscl) ma1 bc requcsted b1'the applicant. ll altematile
cmissions limitations arc rcquested. plcasc clcarl) describc lhe units in column 2 ahovc. []s. additiondl lines. as necded

Pollutant Potential to
Emit

(pounds/hour*)

Potential to Emit
(tons/) ear)

Calculation (including refer€nce or emissions
tests) on Which Emissions Information is Based

(attach supporting information including dates of
tests/methods, if necessary)

Total Mercury (all
fomrs)

N/A N/..\

Total Mercury
(altemative enrissions
limitations)

5.0 x l0-l
grldscf

N/A NvMACT lnterim Limit ('l'UTD)

Appendi\ I, Page 16



Appendix 2

Monitoring Plan
For Each:

(Check Appropriate Box)

Phase 1, Tier 1;
Phase lrTier 2;
Phase 2; or
New or Modified

Thermal Mercury Emitting Unit



MONITORING PLAN
Autoclave

L i mil at io ns of Op e r ati o n

o The maximum allowable throughput ofore for TU4.00l shall not exceed 180 tons per an1'one-

hour period.

o The Interim mercury emission Iimit during the demonstration period for establishment ofthe final

mercury emission limit for TU4.00l shall not exceed 5.0 x l0-r grains per dry standard cubic foot

(grldsct').

o TU4.00l ma)' operate 24 hours per day.

. TU4.00t is equipped with a release vent located afler the quench vessel and prior to VS-001. Use

ofthe release vent shall be limited to 100 hours per year.

Work Praclices

Venturi Scrubber (VS-001 )

o The differential pressure across VS-001 shall be maintained at or above 13 inches ofwater, based

on a I -hour period, except during the autoclave warm-up period. The warm-up period is defined

as the period oftinre after slart-up during \rhich lhe autoclaYe is brought up to sleady-state

operation. The warm-up period shall nol exceed J hours.

. The water flow rate lo VS-001 shall be maintained at or above I I gallons per minute. based on a

l-hour period.

Carbon Bed (CA-00I )

o CA-001 shall contain at least 17,000 pounds of sull'ur-inrpregnated carbon.

o Tlre exhaust temperature entering CA-001 shall be maintained at or belou 220" Fahrenheit. based

on a l-hour period.

. The dift'erential pressure across CA-001 shall be maintained at or belou 25 inches ofwaler. based

on a l-hour period.
o Sample and replace the carbon in CA-001 as follorvs:

o The carbon ma1'be sampled from a sampling canister eI by'grab sample. The carbon bed

ma1 include sampling canisters that r.lill contain the equivalent carbon depth as the

carbon filter. These canisters u ill receive a slip streanr of the process gas during
operation ofTU4.00l. The Permittee also has the option to directly collect representative

carbon samples (grab santples) from the inlet and outlel ofCA-001. The depth ofthe
sample location rvill be recorded.

o The canister and grab-sample carbon santpling methods specified above ntay only be

altemated at lhe point of complete carbon replacement in CA-001.
o Sample the carbon within 90 days after replacenrent of llre carbon. The sampled carbon

will be analyzed for nrercurl and the average percentage of mercury, by \\eight, uill be

calculated. The loading capacitl ofthe sulfur-inrpregnated carbon is 207o b-r rveight. A
sample ofcarbon will be analyzed quarterly until 5070 of tlre carbon loading capacity is
reached. Upon reaching 507o ofthe carbon loading capacity, the sampling ofcarbon shall
occur monthl)' unlil 907o of the carbon loading capacit-v is reached. The carbon in CA-
001 shall be replaced no later than 30 days after reaching 907o ofthe carbon loading

capacir"-. The required mercury analysis shall be performed utilizing one ofthe follorving
methods:

. EPA method 6020-lnductively Coupled Plasma-Mass Spectrometry;

Appendix 2, Page I



. EPA method 74718- Mercury in Solid or Semisolid Waste (Manual Cold-Vapor
Technique): or

. An ahemative test method as approved hy the Director.

o On an annual basis, perform a total loading analysis on the carbon in CA-001.

o Any sulfur-impregnated carbon replaced in CA-001 shall be replaced with only the original

manufacturer's design specification sulfur-impregnated carbon or rvith equivalent performing

mercury removal media.

Mo nito ri ng ond Rec ordkeepi n g

. Monitor and record the daily throughput of ore for TU4.00l, in tons.

o Monitor and record the daily hours of operation for TU4,00l -

o Monitor and record the number ofhours when the release vent is in use for TU4'001.

o Monitor and record the differential pressure across VS-001 in inches ofwater. once per day

during operation.

o Monitor and record the rvater flow rate to VS-001 in gallons per minute, once per day during

operation.

o Monitor and record the inlet exhaust temperature for CA-001 in degrees Fahrenheit. once per

shift during operation.

. Monitor and record the differential pressure across CA-001 in inches of water. once per day

during operation.

. Monilor and record the percentage ofmercury by weight on the carbon in CA-001 according to

the carbon sampling schedule.

. Monitor and record the depth ofthe sample location in the carbon bed or sampling canister for

each sample taken.

o Monitor and record the date and amount of carbon replaced in CA-001 .

Compliance Tesling

. An annual Method 29 (or altemative test method approved by the Director) compliance test for

mercury shall be conducted.

Performance Teslirtg

o Upon the datc ofcommencement ofoperation ofTU4.00l, a performance demonstration period

for the establishment ola final NvMACT nrercury enrission limit for TU4.00l shall begin and

will consist of six consecutive Method 29 source tests al approximale 6-month intervals. The final
NvMACTmercury emission limit, in gr/dscf. will be calculated using the maxinrum test value

from the six performance demonstration lests plus one standard devialion. Performance
demonstration tests ma) be used for the annual compliance tests.

Annual Reporting

. Mercury co-product shall be reported on an annual basis.

. Mercury emissions, based on mercurl emission lest dala. shall be reported on an annual basis
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MONITORING PLAN
Carbon Kiln

L i m ila I io n s of Ope rali o n

o The nraximum allorvable throughput ofcarbon for TU4.002 shall not exceed 0.32 tons per any

one-hour period.

. Mercury emissions from TU4.002 shall not exceed 1.0 x l0{ grldscf.

o TU4.002 may operate 24 hours per day.

ll/ork Proclices

Carbon Regeneration Kiln
. The kiln drum shall be visually inspecled for structural damage and cracks annually.

Heat Exchanger

o Condensed mercury from the heat exchanger shall be collected quarterl).

Carbon Bed (CA-002)

. CA-002 shall contain at least 450 pounds of sulfur-impregnated carbon.

o The exhaust temperature enlering CA-002 shall be rnaintained at or below 200'Fahrenheit, based

on a l-hour period.

. The differential pressure across CA-002 shall be maintained at or below I I inches of water. based

on a l-hour period.

. Sanrple and replace the carbon in CA-002 as follorvs:

o Sample the carbon al the inlel and outlet ofCA-002 and record the depth ofthe sample

location. Sample the carbon within 90 days after replacenrent of the carbon. The sanrpled

carbon rlill be analyzed for mercury and the average percentage ofmercurv' by- u'erght.

will be calculated. The loading capacity of the sulfur-impregnated carbon is 207o by

rveight. A sample ofcarbon will be analyzed quarterly until 507o ofthe carbon loading

capacity is reached. Upon reaching 507o oflhe carbon loading capacit-v, the santpling of

carbon shall occur monthly until 907o ofthe carbon loading capacity is reached. The

carbon in CA-002 shall be replaced no later than 30 days after reaching 907o of the

carbon loading capacity. The required mercury anall'sis shall be performed utilizing one

of the following methods:

. EPA nrethod 6020-lnductively Coupled Plasma-Mass Spectrometry:

. EPA method 74718- Mercury in Solid or Semisolid Wasle (Manual Cold-Vapor

Technique); or
. An altemalive test method as approved b1 the Director.

o On an annual basis. perform a total loading analysis on the carbon in CA-002.

o Any sulfur-imprcgnated carbon rcplaced in CA-002 shall be replaced with only the original

manufacturer's design specification sulfur-impregnated carbon or uith equivalent performing

mercury removal media.
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Mo n ilo r ing and Rec ord *eeping

o Monitor and record the daily throughput ofcarbon for TU4.002, in tons.

o Monitor and record the daily hours ofoperation for TU4.002.

o Monilor and record the amount of mercury drained from the heat exchanger quanerl) .

o Monitor and record the inlet exhaust temperature for CA-002 in degrees Fahrenheit. once per

shift during operation.

o Monitor and record the diflerential pressure across CA-002 in inches ofwater. once per day

during operation.

o Monitor and record the percentage of mercury by rveight on the carbon in CA-002 according to

the carbon sampling schedule.

o Monitor and record the depth olthe sample location in the carbon bed for each sample taken.

o Monitor and record the date and amount ofcarbon replaced in CA-002.

Compliance Testing

o An annual Method 29 (or altemative test method approved by the Director) conlpliance test for

mercury shall be conducted.

Annuol Reporling

. Mercur)' co-product shall be reported on an annual basis.

. Mercury enrissions. based on mercury emission test data, shall be reported on an annual basis.
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MONITORING PLAN
Pregnant and Barren Solution Tanks

Limitations of Ope ration

. The maximum allowable throughput rate ofsolution for TU4,003 and TU4.004, each. shall not

exceed 270 gallons per minute, based on a one-hour period.

. Mercury emissions from TU4.003 and TU4.004, combined. shall not exceed 5.0 x l0-s grldscf.

o TU4.003 and TU4.004, each. may operate 24 hours per day.

ll/ork Practices

Pregnant and Barren Tanks

o TU4.003 and TU4.004 will be inspected every six months for leaks and corrosion.

Carbon Bed (CA-003)

o CA-003 shall contain at least 650 pounds of sulfur-impregnated carbon.

o The exhaust temperature entering CA-003 shall be maintained at or below 200'Fahrenheit, based

on a l-hour period.

o The differential pressure across CA-003 shall be maintained at or below 5 inches ofwater, based

on a I -hour period.

o Sample and replace the carbon in CA-003 as follows:

o Sample the carbon at the inlet and outlet ofCA-003 and record the depth ofthe sample

location. Sample the carbon within 90 days after replacement of the carbon. The sampled

carbon will be analyzed for mercury and the average percentage of mercury, by weight,

will be calculated. The loading capacity of the sulfur-impregnated carbon is 207o by

weight. A sample of carbon will be analyzed quarterly until 5070 of the carbon loading

capacity is reached. Upon reaching 507o of the carbon loading capacity, the sampling of
carbon shall occur monthly until 90yo of the carbon loading capacity is reached. The

carbon in CA-003 shall be replaced no later than 30 days after reaching 907o of the

carbon loading capacity. The required mercury analysis shall be performed utilizing one

of the following methods:

. EPA method 6020-lnductively Coupled Plasma-Mass Spectrometry;

. EPA method 7471B- Mercury in Solid or Semisolid Waste (Manual Cold-Vapor

Technique); or
. An altemative test method as approved by the Director.

o On an annual basis, perform a total loading analysis on the carbon in CA-003.

o Any sulfur-impregnated carbon replaced in CA-003 shall be replaced with only the original

manufacturer's design specification sulfur-impregnated carbon or with equivalent performing

rrrercury removal media.
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Mo n ito r ing and Reco rdkee ping

o Monitor and record the throughput rate ofsolution for TU4.003 and TU4,004, each. in gallons

per minute, once per day during operation.

o Monitor and record the daily hours ofoperation for TU4.003 and TU4.004, each.

o Monitor and record the inlet exhaust temperature for CA-003 in degrees Fahrenheit. once per

shift during operation.

o Monitor and record lhe differential pressure across CA-003 in inches ofwater. once per day

during operation.

o Monitor and record the percentage ofmercury by weight on the carbon in CA-003 according to

the carbon sampling schedule.

o Monitor and record the depth ofthe sample localion in the carbon bed for each sarnple taken.

o Monitor and record the dale and amount ofcarbon replaced in CA-003.

Compliance Testing

o An annual Method 29 (or alternative test nrethod approved by the Director) compliance test for

mercury shall be conducted.

Annual Reporling

. Mercury co-product shall be reported on an annual basis.

. Mercury enrissions. based on mercury emission test data. shall be reported on an annual basis.
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Limilotions of Operation

o The maximum allowable throughput rate of solution for TU4.005 shall not exceed 270 gallons

per minute, based on a one-hour period.

o Mercury emissions from TU4.005 shall not exceed 5.0 x l0-s grldscf.

. TU4.005 may operate 24 hours per day.

ll'orh Practices

Electrowinning Circuit
. The lids on TU4.005 shall be closed during operalion.

Carbon Bed (CA-004)

. CA-004 is a two-stage bed, with each stage containing at least 5,500 pounds ofsulfur-

impregnated carbon.

r The exhaust temperature entering CA-004 shall be maintained at or below 200" Fahrenheit. based

on a l-hour period.

o The differential pressure across CA-004 shall be maintained at or belo\r'9 inches ofwater, based

on a l-hour period.

o Sample and replace the carbon in CA-004 as follows:

o Sample the carbon at the inlet and outlet ofCA-004 or at the inlet and outlet ofeach stage

of CA-004 and record the depth of the sample location. Sample the carbon within 90 days

after replacement ofthe carbon. The sampled carbon will be analyzed for mercury and

the average percentage of mercury, by weight. will be calculated. The loading capacity of
the sulfur-impregnated carbon is 20o/o by weight. A sample of carbon will be analyzed

quarterly until 507o of the carbon loading capacity is reached. Upon reaching 507o of the

carbon loading capacity, the sampling ofcarbon shall occur monthly until 9070 oflhe
carbon loading capacity is reached. The carbon in CA-004 shall be replaced no later than

30 days after reaching 90% ofthe carbon loading capacity. The required mercury

analysis shall be performed utilizing one of the following methods:

. EPA method 6020Jnductively Coupled Plasma-Mass Spectrometry;

. EPA method 74718- Mercury in Solid or Semisolid Waste (Manual Cold-Vapor

Technique); or
. An altemative test method as approved by the Director.

o On an annual basis, perform a total loading analysis on the carbon in CA-004.

o Any sulfur-impregnated carbon replaced in CA-004 shall be replaced with only the original

manufacturer's design specificalion sulfur-impregnated carbon or with equivalent performing

mercury removal media.
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Electrowinning Circuit
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MONITORING PLAN
Retort

Limitalions of Operatio n

. The maximunr allowable throughput ofprecious metal bearing material for TU4.006 shall not

exceed 0.26 tons per batch. Precious m€aal bearing material is defined as:

o Material loaded rvith precious metals such as gold and silver. along rvith various other

metals. that is produced by electrorvinning, the Merrill-Croue process, flotation and

gravity separation processes. and other gold concentration or precipitation processes.

o Material collected from the rvash dorvn ofan5 equipment or surfaces contacted rvith

precious melals that have been concentrated through the various concentration methods

enrployed by precious metal mines.

. MercurJ'emissions from TU4.006 shallnot exceed 1.0 x l0{ grldscf.

o TU4.006 ma), operate 24 hours per day.

lly'ork Praclices

Retort

. During heating ofTU4.006. the vacuum pressure will be maintained at or above 5 pounds per

square inch absolLrte. based on a l-hour period,

o TU4.006 shall automatically shut off via interlock if the vacuum pressure is less than 5 pounds

per square inch absolute. based on a l-hour period.

Condenser (CO-001)

. The exhaust tenrperature at tlre outlet ofCO-001 shall be nraintained at or belorv 85' Fahrenheit,

based on a l-hour period.

o TU4.006 shall autornaticall) shut offvia interlock ifthe CO-001 outlet exhaust temperature is

above 105' Fahrenheit, based on a l-hour period.

o Condensed mercury from CO-001 shall be collected monthly.

Carbon Bed (CA-005)

o CA-005 shall contain at least 530 pounds of sulfur-impregnated carbon.

. The exhaust temperature entering CA-005 shall be rnaintained at or below 200' Fahrenhcit. bascd

on a l-hour period.

o The differential pressure across CA-005 shall be maintained al or belorv 9 inches of water, based

on a lJrour period.

o Sample and replace the carbon in CA-005 as follows:

o Sample the carbon at the inlet and outlet ofCA-005 and record the depth ofthe sample

location. Sample the carbon uithin 90 days after replacement ofthe carbon. The sampled

carbon rrill bc analyzed for mercury and thc avcragc pcrcentage of mercurl'. b; ueight.

will be calculated. The loading capacity of the sulfur-impregnated carbon is 207o by

rveight. A sample ofcarbon rvill be analyzed quarterly until 5070 ofthe carbon loading

capacity is reached. Upon reaching 507o ofthe carbon loading capacity. the sampling of
carbon shall occur monthly until9070 ofthe carbon loading capacity is reached. The

carbon in CA-005 shall be replaced no later than 30 da1's after reaching 907o ofthe
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MONITORING PLAN
Melt Furnace

Limitolions of Operotion

o The maximunr allowable throughput ofretorted precious metal bearing material for TU4.007

shall not exceed 0.26 tons per batch.

o The Interim mercury emission limit during the demonstration period for establishment ofthe final

mercury emission limit for TU4.007 shall not exceed 5.0 x l0-r grains per dry standard cubic foot

(gr/dscfl.

o TU4.007 may operale 24 hours per day.

Work Praclices

Baghouse (BH-001)

o The differential pressure across BH-001 shall be maintained betrveen 1.8 and 9.5 inches of water.

based on a l-hour period.

Carbon Bed (CA-006)

o CA-006 shall contain at least 6,200 pounds of sulfur-impregnated carbon.

. The exhaust temperature entering CA-006 shall be nraintained at or belor,r 200" Fahrenheit. based

on a l-hour period.

. The differential pressure across CA-006 shall be maintained al or belou' l2 inches ofuater. based

on a l-hour period.

o Sample and replace lhe carbon in CA-006 as tbllows:

o Sample the carbon at the inlet and outlet ofCA-006 and record dre depth ofthe santplc

location. Sarnple the carbon rl'ithin 90 days after replacement ofthe carbon. The sampled

carbon will be analyzed for mercury and the average percentage of mercury. by weight.

will be calculated. The loading capacity oflhe sulfur-impregnated carbon is 207o by

weight. A sample ofcarbon rvill be analyzed quarterly until 507o ofthe carbon loading

capaciq'is reached. Upon reaching 507o ofthe carbon loading capacitl', the sampling of
carbon shall occur monthly until 9070 ofthe carbon loading capaciq'is reached. The

carbon in CA-006 shall be replaced no later than 30 days afler reaching 907. ofthe

carbon loading capacity. The required mercury analysis shall be perlbrmed utilizing one

of the tbllowing methods:

. EPA method 6020-lnductively Coupled Plasnra-Mass Speclrometry:

. EPA method 7471B- Mercury in Solid or Semisolid Waste (Manual Cold-Vapor

Technique); or
. An ahemative test method as approved by the Director.

. On an annual basis. pcrform a total krading analysis on thc carbon in CA-006.

. Any sulfur-impregnated carbon replaced in CA-006 shall be replaced rvith onll'the original

manufacturer's design specification sulfur-inrpregnated carbon or r,lith equivalenl performing

mercury removal media.
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M on ito ring a nd Record keep ing

o Monitor and record the batch weight ofretorted precious metal bearing material for TU4.007,

in tons, for each batch.

o Monitor and record the daill hours ofoperalion for TU4.007.

o Monitor and record the diflerential pressure across BH-001 in inches ofualer, once per da1'

during operation.

o Monitor and record the inlet exhaust temperature for CA-006 in degrees Fahrenheit. once per

shift during operation.

o Monitor and record the difl'erential pressure across CA-006 in inches ofrvater. once per day

during operation.

o Monitor and record the percentage ofmercury by weight on the carbon in CA-006 according to

the carbon sampling schedule.

. Monitor and record the depth ofthe sample location in the carbon bed for each sample taken.

o Monitor and record the date and amount ofcarbon replaced in CA-006.

Complionce Tesling

o An annual Method 29 (or altemative test method approved by the Director) compliance test for

mercury shall be conducted.

Performance Tesling

o Upon the date ofcomnrencement of operation ofTU4.007, a perfomrance demonstration period

for the establishrnent of a final NvMACT mercury emission limit for TU4.007 shall begin and

uill consist olsix consecutive Method 29 source tests at approxinrate 6-ntonth intervals. The final

NvMACT ntercury enrission lirnit. in grldscf. rvill be calculated using the maximum lest value

from the six performance denronstralion tests plus one standard deviation. Performance

demonstration tests ma)'be used for the annual conrpliance tests.

Annual Reporling

. Mercur) co-product shall be reported on an annual basis.

. Mercury emissions, based on mercurl enrission test data. shall be reported on an annual basis
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Appendix 3

Nevada MACT Analysis
For Each:

(Check i\ppropriate Box)

Phase 2;
New or Modified; or
Not Applicable

Thermal Mercury Emitting Unit



NvMACT Analysis for the Autoclave
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3.0 NvMACT ANALYSIS - AUTOCLAVE

3.1 Introduction
Goldcorp DEE LLC (Goldcorp) proposes to install and operate an autoclave circuit (autoclave)

at the Lone Tree Mine (Lone Tree). Per Nevada Administrative Code (NAC) M58.3687.6, a

Nevada Maximum Achievable Control Technology (NvMACT) analysis is required for new

thermal units that emit mercury, as a part of a Mercury Operating Permit to Construct

(MOIy|C) application. The NvMACT analysis provided herein for the autoclave addresses all

the applicable requirements of NAC 4458.3681.6.

3.2 Process Description
The autoclave circuit consists of a low temperature slurry (LT) heater vessel, a high temperature

slurry (HT) heater vessel, an autoclave, a high pressure (HP) flash vessel, and a low pressure

(LP) flash vessel. In the autoclave circuit, ore slurry is fed to the LT and then HT heater vessels

where it is preheated using steam flashed from the LP and HP flash vessels. From the HT heater

vessel, the slurry is pumped into the autoclave where the ore is oxidized using Pressure, steam,

and oxygen. Following oxidation, the slurry is discharged to the HP flash vessel and then the LP

flash vessel, where the pressure and slurry temperature are reduced, and the steam is recycled

back to the slurry heater vessels.

Exhaust gases from the autoclave circuit are first ducted into the quench vessel to reduce the

exhaust temperature and volume. Following the quench vessel, the exhaust passes through a

venturi scrubber for particulate removal and then through a carbon bed to control mercury

emissions prior to being released to the atmosphere. The system is designed with an emergency

pressure relief vent for the autoclave and HP flash vessel, and with a release vent following the

quench vessel. Pressure relief gases pass through a water vessel before release to the

atmosphere. A process flow diagram is provided in Figure 3-1.

Figure 3-1. Autoclave Process Flow Diagram

J"J.
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3.3 NvMACT Analysis
3.3.1 Part I - Existing Similar Thermal Units

Part I of the NvMACT analysis provides a list of similar existing thermal units used for precious

metal refining and describes the controls and work practices used to reduce mercury emissions.

All inJormation required by NAC,1458.3681, as described below, is provided herein:

NAC4458.3681 Nau or nrodifed tlrcnnal unit that emits t crcurv: Contents of required application.

X 6.ft) Sets forth a list of similar thermal units that mrit mercury :rhiclt are used for
precious metal mining that includes, ulitltout lirnitation:

(7) Any nrcthods or teclmologies to control mercury etnissions trhich are

sssociated utith the tfunnal units tlut enrit mercury;

(2) Tfu latl of nnrcury enrissions associated utith each nrctlnd or technology to

control merarry entissions from the thernnl units that enrit nrcrcury;

(3) The design for each metltod or technology to control nrcratry emissions front
tlt thennal units that entit mercltry;

(4) Costs associated uith reductions of nrercury emissions ns a result of each

method or teclmology to control nteratry entissions f'rom the thennal units tlmt

emit ntercury;

(5) Costs asstrciated u,ith energy t'or each nrcthod or technology to control

nrcrcury enissitttrs front the thernnl units thot entit nrcratry; and

(6) Corrsistent uith section 112(ti)(2) of tlrc Act, ant1 ttotmir qunlity lrcaltlt nnd

entirotmrcntnl inrltacts and energy raquirenrcnts for eaclt nrcthod or technologv

to control nrcrcury enissions from the thtrnnl units thnt enit nrcrcury.

3.3.1.1 Mercury Conkols
The Nevada Mercury Control Program (NMCP) permits for existing autoclaves were

downloaded from the Nevada Division of Environmental Protection (NDEP) Public Document

Search website to obtain a list of the existing autoclaves mercury controls. This information is

summarized in Table 3-1.

x

x

x

x
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Table 3-1. Existing Similar Thermal Units: NvMACT Controls and Permitted Emissions Limits
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As shown in Table 3-1, the mercury controls installed for autoclaves include venturi scrubbers
and carbon filters, with quench vessels and condensers used for gas conditioning.

3.3.1.L.l. Wet Scrubber

Common types of wet scrubbers include venturi, spray tower, and impingement plate wet

scrubbers. These wet scrubbers are shown in Figure 3-3.

Figure 3-2. Typical Rectangular Throat Venturi Scrubber, Spray Tower Scrubber, and Plate
Tower Scrubberl

_1

lk,

Wet scrubbers control particulates, including particulate mercury, through impaction, diffusion,

interception, and/or adsorption of the pollutant onto droplets of liquid (EPA 2002). Wet

scrubbers may control oxidized mercury (Rong Yan, et al. 2004), as this form of mercury is

soluble in the scrubber water, as well as elemental mercury if the scrubber's exhaust

temperature is below the mercury saturation temperature. However, for autoclaves exhausts,

the concentration of mercury in the exhaust stream is too dilute for mercury condensation. See

Section 3.3.2.1.5 for additional discussion regarding condensers for autoclaves.

Venturi scrubbers use a convergingthen-diverging flow channel, in which the cross-sectional

area of the channel decreases, then increases, along the length of the channel. The narrowest

area is called the throat. As the exhaust gas enters the venturi scrubber, the decrease in area

causes the gas velocity and turbulence to increase. The scrubbing water is injected either slightly
upstream of or directly into the throat. As the scrubbing solution is infected, the turbulence in
the throat causes it to atomize, improving gas-liquid contact (EPA 2002). After passing through

the throat, the gas-liquid mixture decelerates and causes additional particle-droplet impacts and

droplet agglomeration. Before the gas exits the scrubber, the liquid droplets are separated from
the gas in an entrainment section (EPA 2002).

1 ltrcsu rssstl
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As the gas passes through the venturi scrubber, there is a drop in pressure. For venturi
scrubbers in general, the greater the pressure drop, the higher the particulate control efficiency.

The liquid-to-gas ratio also affects venturi scrubber efficiency. Sufficient liquid must be injected

into the scrubber to allow for coverage over the throat area and to create sufficient collection
targets. After an optimal point, adding excess liquid to a scrubber does not increase the

particulate control efficiency. The liquid-to-gas ratio for wet scrubbers typically ranges from 4 to

20 gallons per 1,000 actual cubic feet (NCSU 1998b).

Spray tower wet scrubbers are constructed very simply, consisting of empty cylindricaI vessels

made of steel or plastic and nozzles that spray liquid into the vessels. As shown in Figure 3-3,

the exhaust stream enters at the bottom and flows upward, while liquid is sprayed downward
from one or more levels (NCSU 1998b).

An impingement plate wet scrubber is a vertical column with one or more plates (trays)

mounted horizontally inside. As shown in Figure 3-3, the exhaust stream enters at the bottom

and flows upward, passing through openings in the plates. Liquid enters at the top of the tower,

traveling across each plate to a downcomer, through which it reaches either the next plate

below or the bottom of the tower. Pollutant collection occurs on each plate as the gas stream

contacts and then atomizes the liquid flowing over each plate. Plate towers are very effective in
removing gaseous pollutants (if soluble in the scrubbing solution) and can be used

simultaneously for particle removal (NCSU 1998b).

Some factors that can affect carbon filter adsorption efficiency include residence time of the gas

in the carbon filter, carbon particle size, and exhaust stream moisture content. Longer residence

times and smaller carbon particle sizes increase the mercury removal efficiency of the carbon

filter (Booz et al. 2001). According to Scotia International of Nevada (SION), "Sonre nnisture in
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3.3.7.7.2 Carbon Adsorption

Carbon adsorption filters use activated carbon particles to adsorb mercury from the gas stream.

Adsorption occurs when gas molecules are passed through a bed of solid particles (activated

carbon). The gas molecules migrate from the gas stream to the surface of the solids, where they

are held by physical attraction (EPA 2002). Carbon impregnated with elemental sulfur increases

the adsorption efficienry due to the sulfur-mercury reaction that forms mercury sulfide, a stable

mercury compound with a low vapor pressure (Booz et al. 2001).

Carbon filters control all types of mercury: particulate-bound, oxidized, and elementa[. The

mercury in the gas stream is adsorbed to the carbon and collected as carbon loaded with
mercury. Once the carbon reaches adsorptive capacity, it is replaced, and the spent carbon is

reclaimed. The carbon filter's mercury content is monitored to ensure that the mercury loading

does not exceed the value recommended by the manufacturer. The typical carbon loading
capacity is approximately 20 percent (or more) mercury by weight (SION n.d.) (Klett et a[.2002).

Carbon mercury loading can be monitored directly, or the mercury concentration in the exhaust

at the outlet of the carbon filter can be monitored to ensure the effectiveness of the carbon

adsorber.



tlv gas stream, and tfurefore in the carbort, catalyzes the mercury remooal reactiott. lt is anticipated tlnt
as long as no free utater is being released from tlrc carbon, tlrc moisture maxinrum would. be 45%. Release

of moisture from the carbon, zttould. indicate that the gas stream is condensing within the carbon, uhich

has the potential to inlibit tlu mercury rentoaal reaction. Tfu carbon is deliztered ztrith a nominal

ntoisture of 5% (this ualue can uary by tlrc anfuient humidity of the area of usage)" (SION 2021).

In short, mercury removal may be inhibited when carbon is physically wet with water (where

moisture exceeds 45 percent).

3.3.1.1.3 Work Practices

In addition to the controls listed in Table 3-1, the precious metal mining facilities in Nevada

incorporate several different work practices into their processes to reduce mercury emissions.

These work practices include inspecting the exhaust capture system and replacing the carbon

prior to exceeding the recommended mercury loading levels.

The exhaust from the autoclaves must be captured and ducted to the control system and then to

a stack before being released into the atmosphere. The equipment for the ventilation system

consists of ductwork, fans, and a stack. The ductwork is inspected periodically to ensure proper
emissions capture.

To ensure sufficient control efficiency by a carbon filter, the carbon filter media is replaced prior
to exceeding maximum mercury loading as recommended by the manufacturer. This can be

accomplished by:

. replacing the carbon on a schedule that ensures the recommended mercury loading is

not exceeded, based on worst-case mercury loading data;

o monitoring the loading of mercury on the carbon directly by carbon analyses;

o monitoring the mercury levels in the exhaust from the carbon filter; or

o a combination of the above work/monitoring practices.

3.3.1.2 Mercury Emissions

NMCP permits for existing autoclaves were downloaded from the NDEP Public Document
Search website to obtain a list of the existing mercury emission limits. This information is
summarized in Table 3-1 of Section 3.3.1.1. As shown in the table, the NvMACT emission limits
range from 7.8E-05 grains per dry standard cubic foot (gr/ dsct) to 4.0E-04 gr/dscf.

NMCP compliance tests for existing autoclaves were downloaded from the NDEP Public

Document Search website to obtain the actual mercury emissions data for autoclaves utilizing
NvMACT controls. This information is summarized in Table 3-2 for years 2020 through 2025. As

shown in Table 3-2, all stack test results are below the TUTD interim limit of 5.0E-03 gr/dscf
(NDEP 2016).
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Table 3-2. Existing Similar Thermal Units: Compliance Test Results
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3.3.1.3 Mercury Control Costs

The costs for existing autoclave wet scrubbers and carbon filters listed in Table 3-1 were

estimated in current dollars using technical documents from the EPA Clean Air Technology

Center. These documents provide capital costs, operational and maintenance (O&M) costs, and

annualized costs as functions of exhaust flow rate. Based on the exhaust flow rates listed in

Table 3-1, the estimated autoclaves control costs are summarized in Table 3-3.

Table $3. Existing Similar Thermal Units: Control Costs

Control
Exhaust Flow

(scfm)
Capital Cost

($1,000)
O&M Cost
($1,000/ yr)

Annualized Cost
($1,000/ yr)

16it to 249 891 to 1,316 7,423 to 2,702

Carbon Filter 8,000 to 11,820 Ml to 1,243 not available not available

(EPA 2003vs), (EPA 1999)

scfm = dry standard cubic feet per minute; yr = year

3.3.1.4 Non-Air Quality Health and Environmental Impacts and Energy
Requirements

The main non-air quality health and environmental impact caused by mercury control
technologies for autoclaves is the reclamation of carbon loaded with mercury from carbon

filters. Once the carbon reaches adsorptive capacity, it is replaced with fresh carbon and the

loaded carbon is reclaimed. Reclaiming the used carbon at a reclamation facility has non-air

quality health, environmental, and energy impacts.
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Carbon filters and wet scrubbers also require increased energy consumption due to the use of

exhaust fans and water pumps. Wet scrubbers and quench vessels use water as a scrubbing

solution or to clean the collection plates and the discharge of this water has environmental

impacts.

3.3.2 Part II - Other Controls and/or Work Practices

Part II of the NvMACT analysis examines other control options and/or work practices not

currently employed with the existing autoclaves described in Part I - Existing Similar Thermal

Units.

3.3.2.1 Other Mercury Control Options

In addition to the mercury control technologies employed with existing autoclaves, the

following mercury control options are examined below:

1. Boliden-NorzinkProcess

2. Activated Carbon Injection

3. Selenium Scrubber

4. Selenium Filter

5. Condenser

3.3.2.1.1 Boliden-Norzink Process

Appendix 3, Page 11

In the Boliden-Norzink process, a mercuric chloride (HgClz) solution reacts with elemental

mercury in the off-gas to form a mercurous chloride (HgCl) precipitate known as calomel,

which then settles and is recovered. This reaction occurs in a packed column. Once the solid is

removed, the wash solution can be recirculated. A portion of the precipitate can be used to

regenerate the mercuric cNoride solution using chlorine gas (Booz et al. 2001). The rest of the

calomel is sent off-site for reclamation. The Boliden-Norzink process uses the following
reaction:

HgCl1",r'a + Hg1gu.1 --- 2HgCl1*;,r1

Boliden-Norzink scrubbers are installed on the Nevada Gold Mines LLC - Goldstrike
(Goldstrike), Jerritt Canyon Gold, LLC 0erritt Canyon), and Nevada Gold Mines LLC - Gold

Quarry Operations (Gold Quarry) roasters. These roasters volatize large amounts of mercury

and in turn produce large amounts of mercury co-product in the form of calomel. The calomel

production at Goldstrike, Jerritt Canyon, and Gold Quarry averages 195,340 pounds, 7,640

pounds, and 9,120 pounds, respectively (Barrick 2018).

A Boliden-Norzink scrubber has not been applied to any existing autoclaves at precious metal

mining facilities in Nevada. There is no basis for assessing its performance in such an

application, given the dissimilarities between the autoclave (and its characteristic emission

stream) and the units/emission streams where Boliden-Norzink scrubbers have been applied.



In addition, this technology requires a significant capital investment and produces wastewater

(process water containing chloride ions) and solid waste (calomel). The capital costs of the

Boliden-Norzink scrubbers installed at Goldstrike and Gold Quarry are $4.7 million and $3.2

million, respectively (Barrick 2018).

Based on the Boliden-Norzink process cost and environmental impacts, and the low amount of
mercury emitted from autoclaves, Boliden-Norzink scrubbers are not representative of

NvMACT for autoclaves.

3.3.2.1..2 Activated Carbon Ini ection

Activated carbon injection is similar to activated carbon filters in that activated carbon particles

are used to adsorb mercury from the off-gas stream. In this process, the carbon particles are

iniected directly into the off-gas stream to adsorb mercury. They are then collected in
downstream particulate controls, such as baghouses, wet scrubbers, or wet ESPs. Carbon

injection is typicallv used in the power plant industry, where particulate control technologies

have already been installed to clean fly-ash (and injected activated carbon) from the off-gas

stream.

This process has not been applied to existing autoclaves at precious metaI mining facilities in

Nevada, and there is no basis for assessing its performance in such an application. In addition,

the control efficiency of carbon injection is typically lower than that of carbon filters. Therefore,

the most appropriate activated carbon technology application for autoclaves is a carbon

adsorption filter.

3.3.2.1.3 Selenium Scrubber

Selenium scrubbers use selenium or a selenium compound within a scrubber to react with
elemental mercury in the off-gas to form mercuric selenide (HgSe). HgSe has a lower vapor

pressure than other common mercury compounds, which allows for mercury capture. The

HgSe is removed in a sludge separation circuit, which requires a thickener and HgSe

reclamation. Sulfuric acid, at concentrations between 10 and 60 percent, is used as the wash

solution for the process.

Selenium scrubbers are appropriate for gas streams with high mercury loading. The outlet

concentrations from this process are typically higher than the concentrations achieved from the

Boliden-Norzink process discussed in Section 3.3.2.'1.7. Selenium scrubbers are not widely used

due to their low removal efficiency and expensive reagent and reclamation requirements.

Therefore, this option is not considered an effective mercury control method for autoclaves.

3.3.2.1.4 Selenium Filter

Selenium filters are similar to selenium scrubbers in that they use selenium to react h'ith the

elemental mercury in the off-gas stream to form mercuric selenide. Selenium filters use a

selenium-impregnated porous carrier structure, housed in a cylindricaI tower. The selenium

filter's maximum operating temperature is approximately 250"F. The filters requre a dry gas
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stream because moisture tends to degrade the filter media. The typical filter's carrying capacity

is between 10 and 15 percent mercury by weight.

Selenium filters have been installed in only a few places in the world, and primarily in Sweden,

and no operating data from these applications are available. Selenium filters are expensive to

produce and to regenerate. There is no basis to believe that selenium filters would provide a

better alternative to activated carbon filters. In addition, there is some concern that the selenium

filters cause selenium air emissions. Therefore, this option is not considered an effective

mercury control method for autoclaves.

3.3.2.1.5 Condenser

Condensers control mercury by cooling a gas stream containing mercury vapor below the

mercury vapor saturation point. When the gas temperatures fall below the saturation Point,
mercury condensation occurs. Chilled water is circulated through the condenser to achieve

lower gas stream temperatures. The required condensation temperature is determined by the

mercury saturation pressure curve shown in Figure 3-5. The condensed mercury is collected as

a co-product.

Figure 3-3. Mercury Saturation Pressure Curve2
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The two most common types of condensers are surface and contact condensers. Surface

condensers cool gas streams by circulating water (or other cooling medium) through an

enclosed water iacket surrounding the exhaust system or through a shell-and-tube type heat

exchanger. Contact condensers cool gas streams by spraying cooled water into the gas stream.

The following correlation exists for both types of condensers: the colder the circulating water,

the colder the exhaust gas, and, for a constant inlet loading of mercury, the more efficient the

removal of mercury from the gas stream (EPA 2002). Given the low concentration of mercury in
autoclaves exhaust, condensers are not a viable NvMACT control option for autoclaves.

3.3.2.2 Other Work Practices

All viable work practices for reducing mercury emissions have already been addressed in Part I

- Existing Similar Thermal Units. Thus, there are no other work practices, process changes, or

material substitutions that can be instituted to reduce mercury emissions from autoclaves.

3.3.3 Part III - Proposed NvMACT
Per NAC 4458.3681.6.(a), the applicant must propose "slandards, nrcthods of control or otlrcr

Iinritatiotts to be applied to tlrc thernul unit for the red.uction of nrercury entissions that the applicant

deenrs suffrcietrt for the Director to detennine nt be NaMACT for the thernnl unit that enrits nrcrcury.'t

The NvMACT proposed in this section follows the criteria required by the Director pursuant to

NAC 4458.3683. All items considered in this NvMACT analysis are checked in the criteria list
provided below:

NAC U58.3683 Rnieut of and action on application for netu or nrodifed thernnl unit that entits

nErcury.

8 Z.b) Uatce a de tenninatiott of NIMACT for the tlrcrnral unit that emits nrratry in which the

Director shall cortsider the follmting for each tltermal unit tlnt emits mercury:

(7) Tlrc nraximum degree of reduction of nrercury emissions that is nchinable for
the tlrermal unit after considerirtg:

(l) The cost of achieuing such a reduction; anrl

(lI) Cortsistent urith sectiorr 112(d)(2) of the Act, any nonair qualitu lrcalth and

enuironmental impacls and energy requirenrcnts for each method or technology

to control mercury emissiotts from the thermal unit tlnt emits mercury to

intplentent the NoMACT.

X (2) The nteasures that reduce the polunte or elintinate mercury etissions through

process clnnges, substitution of materials or any other modifcations.
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X (4) The collection, capture or treatment of mercury emissions

(5) The design, equipment, uork practice or operational stand.ards of the themrul

unit tlnt enrits ntercury, itcluding, ztithout limttatiott, tlre requirements for
trainhg and certifcatiotr of operators of tlrc thennal unit tlnt enrits mercltry.

X $) The dffirences in the age, rennining operating life and conf gurations oI
similar thermal units that emit mercury. Tlu Director may also consider the

dffirences in tlrc concentration of nrcrcury in the ore, size and any other relamnt

factors of the sinilar themnl units tlnt entit mercury.

3.3.3.1 Proposed Controls and Work Practices

Based on the existing control technologies and work practices described in Part I and the

additional control technology options described in Part II, Goldcorp proposes the following
control equipment, work practices, and capture system as NvMACT for the proposed autoclave

circuit:

Control equipment:

. Venturi Scrubber

o Carbon Bed

Work practices:

. The differential pressure (DP) across the venturi scrubber will be maintained at or above

13 inches of water column (in. W.C.), except during the autoclave warm-up period. The

warm-up period is defined as the period of time after start-up during which the

autoclave is brought up to steady-state operation. The warm-up period will not exceed 3

hours.

o The water flow rate to the venturi scrubber will be maintained at or above 11 gallons per

minute (gpm).

. The carbon bed will contain at least 17,000 pounds of sulfur-impregnated carbon.

o The exhaust temperature entering the carbon bed will not exceed 220 degrees Fahrenheit

('F).

. The differential pressure across the carbon bed will not exceed 25 in. W.C.

. The carbon in the carbon bed shall be monitored and replaced prior to exceeding 20

percent mercury by weight.

Capture System:

The exhaust from the autoclave circuit will be pulled through the control system by an exhaust

fan. The system will be designed so that all emissions from the autoclave circuit are captured

and ducted through the venturi and carbon bed.

N
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A flow diagram of the proposed NvMACT mercury control system is provided in Figure 3-6.

Figure 3-4. Lone Tree Exhaust Gas Treatment

?

l\lLll

The proposed autoclave circuit at Lone Tree is designed to process 180 tons of ore per hour. In
the proposed emission control system, the exhaust from the LT heater vessel, HT heater vessel,

and autoclave are first ducted into a quench vessel to reduce the exhaust temperature and

volume. (The HP and LP flash vessel exhaust is ducted to the LT and HT heater vessels.)

Following the quench vessel, the exhaust passes through a venturi scrubber for particulate

removal and then through a carbon bed to control mercury emissions prior to being released to

the atmosphere.

The autoclave circuit also includes emergency pressure relief vents for the autoclave and HP

flash vessel, and a release vent following the quench vessel. The pressure relief vents and

release vent are ducted through a shared emergency relief vent water vessel before release to

the atmosphere. The pressure relief vents from the autoclave and HP flash vessel will only be

used in emergency situations, however, Goldcorp is proposing to allow the limited use of the

release vent from the quench vessel. The release vent use would be limited to 100 hours per

year and would allow for maintenance, including carbon change out, of the venturi scrubber or

carbon bed. In this situatioo exhaust would pass through the quench vessel and emergency

relief vent water vessel prior to release to the atmosphere.

The carbon bed will hold 17,000 pounds of sulfur-impregnated carbon. The bed is designed for
an exhaust flow rate of approximately 8,300 dry standard cubic feet per minute (dscfm) with a
residence time of 4.0 seconds (Hatch 2025). The loading capacity of the carbon is estimated to be

20 percent mercury by weight.

Table 3-4 provides the carbon bed design analysis using NDEPs NvMACT Specific Case-by-

Case Worksheet for deep bed systems.

J.JJ.J.
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Table 34. Carbon Bed Design Analysis

As shown by Table 34, the volume of carbon is sufficient to provide adequate residence time
()1 second based on the dry standard flow rate) and the total weight of carbon is sufficient for
the expected mercury loading rate (mercury saturation is approximately 14 years). Based on this

analysis, the proposed autoclave circuit control system meets NvMACT.

3.3.3.2 Proposed Mercury Emission Limit
Goldcorp is proposing to conduct True-Up/True-Down (TUTD) testing to establish the final
NvMACT mercury emission limit for the autoclave circuit. During the TUTD testing period,

Goldcorp is proposing the NvMACT interim mercury emission limit of 5.0E-03 gr/dscf for the

autoclave circuit.

To account for mercury emissions during the limited use of the release vent, Goldcorp is

proposing to use a mercury emission rate based on the NvMACT limit of 4.0E-M gr/dscf for

Autoclaves 2 and 3 at the Nevada Gold Mines LLC - Goldstrike mine, which do not employ

carbon control. Given the Lone Tree autoclave maximum exhaust flow rate of 8,300 dry
standard cubic feet per minute (dscfm), the mercury emissions during use of the release vent

would be calculated using the mercury emission rate of 0.028 pounds per hour.

4.0E-o1 sr I s,:oo as* | oo *i" I ru = 0.028 lb
ds€{ 7,000 ghr hr

3.3.3.3 Cost of Controls

The costs of the proposed autoclave venturi scrubber and carbon bed were estimated in current

dollars using technical documents from the EPA Clean Air Technology Center. These

documents provide the capital costs, O&M costs, and annualized costs as functions of exhaust

flow rate. Based on the exhaust flow rate of8,300 dscfm, the estimated control costs are

summarized in Table 3-5.

Descriplion lUnitl 51'mbol Equ.tiont

Volume of bcd 567 li' vu vts=I4( ( t)
t 7.000 lhs Capacitl'ofcarbon bedTotal quantit) ol-carbon l\tc

20 CP S.otia - 15o,.; ro :t09aCarbon Hg capacitl

Ca.bon densit)' -10 lbs/li1 CD Nt)FlP default raluc

Vclocin li,/rnin V : Q/SAua

Florr rate 8_100 I)S( l:\l a I:\haust llo\r rrtc

l\'lercury loading 0.028 lh hr I-
Based on autoclalc cmissions uithout carbon

control (Goldstrikc AC Zl)
{.1 1 T=((MC/CDyQ)*60Residence timc

Pressure drop 25 in ll:o IP (Hatch 2025)

llg saturation (hours) 119.478 hr Sr. Sh=MC*(Ct,/100)*( t/1.)

Permit hours per ! sar 8.760 hr/1r IIY

IIg saluration (\ curs) l -1.6 \t s. S.=Sr,rllY

Appendix 3, Page 17

( rhulal(.|
\ alur



Table 3-5. Lone Tree Autoclave Control Costs

Control
Exhaust Flow

(dscfm)
Capital Cost

($1,000)
O&M Cost
($1,trc0/ yr)

Annualized Cost
($1,000 / yr)

Venturi Scrubber 8,300 188 996 1,591

Carbon Becl 8,300 873 not available not available

(EPA 2003vs), (EPA 1999)

Appendix 3, Page 18



REFERENCES

Barrick. 2018. "Barrick Goldstrike Mines Inc., MOPTC Phase II, AP7041-2221., Revised NvMACT
Analysis and Application Forms, Roasters." Barrick Goldstrike Mines, Inc. (Barrick),
September 19. Accessed August 25, 2021. DOC lD 79487 -

https:/ / documentviewerpublic.ndep.nv.gov/ Common/ login.aspx.
Booz et al. 2001. "Mercury Mass Balance and Emission Factor Estimates for Gold Ore Processing

Facilities (Draft)." Report Prepared for U.S. EPA Region 9 by Booz Allen & Hamilton
Inc., January 14.

EPA."1999. "Technical Bulletin - Choosing an Adsorption System for VOC: Carbon, Zeolite, or
Polymers? EPA 456/ F-99-004." United States Environmental Protection Agency (EPA),
Muy.

-.2002. "EPA Air Pollution Control Cost Manual, 6th Edition." EPA Office of Air Quality
Planning and Standards. Research Triangle Park, North Carolina. EPA/ 452 / 8-02-001,

lanuary.

-. 2003vs. "Air Pollution Control Technology Fact Sheet - Venturi Scrubber." EPA-452/F-03-017.
United States Environmental Protection Agency (EPA). Accessed August 23, 2021.

https:/ /www.ep a.gov f calc f clean-air{echnoloBy-center-products#factsheets.

-. 2018. "EPA Air Pollution Control Cost Manual 6th edition Section 3.1, Chapter 1 - Carbon
Adsorbers." Offce of Air Quality Plmning and Standards. Research Triangle Park, North
Carolina: United States Environmental Protection Agency (EPA), October.
https:/ / www.epa.gov/sites/ default/ files/ 2018-

10/documents/ final carbonadsorberschapter-Tthedition.pdf.
Hatch. 2025. "i-80 Gold Corp - Lone Tree Restart Permitting Inputs Sheet." Doanrcnt Nunfuer:

H i677 53-0000-843 -21 5-0001. Hatch, November 7.

Klett et a[- 2002. "The Cost of Mercury Removal in an IGCC Plant. Final Report." Michael G.
Klett, Russell C. Maxwell, and Michael D. Rutkowski. Parsons Infrastructure and
Technology Croup Inc. Report prepared for The United States Department of Energy
National Energy Technology Laboratory., September.

NCSU. 1998b. "Wet Scrubber System Operation Review." APTI Sl:412C, Second Edition. U.S.

Environmental Protection Agency (EPA) Air Pollution Training Institute (APTI).
NDEP. 2016. "Nevada Mercury Control Program Permitting Guidance, General Industry

NvMACT Determinations (Draft)." Nevada Division of Environmental Protection
(NDEP), February 29.

Rong Yan, et al. 2004. "Bench-scale experimental evaluation of carbon performance on mercury
vapour adsorption." Fuel. Vol. 83, No- 17-18.

SION. 2021. "Trip Report to Rawhide Mine to Review the Operation of Melting Furnace
Mercury Scrubber." Scotia Intemational of Nevada (SION), July 26.

-. n.d. "Coal Based Activated Carbon Impregnated with Sulfur." Product Bulletin COL-IS 60.

Scotia Intemational of Nevada, Inc. (SION).
Taylor and Francis Group. 2005. "CRC Handbook of Chemistry and Physics." 86th Edition.

Appendix 3, Page 19



NvMACT Analysis for the Kiln

Appendix 3, Page 20



KILN NVMACT ANALYSIS - TABLE OF CONTENTS

3.0 NvMACT Analysis - Ki1n.......

3.1 lntroduction

23

23

23

24

24

24

26

26

26

27

z8

31

31

31

31

32

32

JJ

J.,'

3i

34

34

35

36

36

38

3

1

2 Process Description.......

3 NvMACT Analysis.............

3.3.1 Part I - Existing Similar Thermal Units

3.3.1.1 Mercury Contro|s.............

3.3.1.1.1 Condensers..................................

3.3.1.1.2 Wet Scrubbers.............................

3.3.1.1.3 Carbon Adsorption

3.3.1.2 Mercurv Emissions .

3.3.1.3 Mercury Control Costs....

3.3.1.4 Non-Air Quality Health and Environmental Impacts and Energy Requirements..

3.3.2Part II - Other Controls and/or Work Practices ............

3.3.2-1 Other Mercury Control Options .................

3.3.2.1.1 Boliden-Norzink Process..........................

3.3.2.1.2 Activated Carbon Injection

3.3.2.1.3 Selenium Scrubber........

3.3.2.1.4 Selenium Filter..............

3.3.2.1.5 Baghouse...........

3.3.2.2 Other Work Practices........

3.3.3 Part III - Proposed NvMACT..........

3.3.3.1 Proposed Controls and Work Practices ............

3.3.3.2 Proposed Mercury Emission Limit...................

3.3.1.'l .4 Work Practices

3.3.3.3 Cost of Contro1s.....................

References

Appendix 3, Page 21



Tables

Table 3-1. Existing Similar ThermaI Units: NvMACT Controls and Permitted Emissions Limits

Table 3-2. Existing Similar Thermal Units: Compliance Test Results...

Table 3-3. Existing Similar Thermal Units: Control Costs...................

Table 3-4. Carbon Bed Design Analysis

Table 3-5. Lone Tree Kiln Control Costs..................

Figures

Figure 3-1. Kiln Process Flow Diagram

Figure 3-2. Lone Tree Exhaust Cas Treatment................

25

29

31

36

37

23

35

Appcndir 3, P.rgc 22



3.0 NvMACT ANALYSIS - KILN

3.1 Introduction
Goldcorp DEE LLC (Goldcorp) proposes to install and operate an electric carbon regeneration

kiln (kiln) at the Lone Tree Mine (Lone Tree). Per Nevada Administrative Code (NAC)

4d58.3681.6, a Nevada Maximum Achievable Control Technology (NvMACT) analysis is

required for new thermal units that emit mercury, as a part of a Mercury Operating Permit to

Construct (MOf'fC) application. The NvMACT analysis provided herein for the kiln addresses

all the applicable requirements of NAC 41458.3681.6.

3.2 Process Description
Carbon is used in the gold recovery process to adsorb gold in solution from the ore slurry or

from pregnant leach solution. After being stripped, the carbon used in the gold recovery process

gradually loses its ability to effectively adsorb gold and requires regeneration. The proposed

kiln at Lone Tree will be electrically heated. The exhaust stream from the kiln drum will pass

through a knockout box, heat exchanger, mist eliminator, and carbon bed before being released

to the atmosphere. See Figure 3-1 for a process flow diagram.

Figure &1. Kiln Process Flow Diagram
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3.3 NvMACT Analysis
3.3.1 Part I - Existing Similar Thermal Units

Part I of the NvMACT analysis provides a list of similar existing thermal units used for precious

metal refining and describes the controls and work practices used to reduce mercury emissions.

All information required by NAC 445B.3681, as described below, is provided herein:

NAC 4458.3681 Nru' or ntodifed tlunnal unit that enits nrcrcury: Contents of required application

x 6.(b) Sets lorth a list of similar tltentnl units tlnt entit ntercury ttlich are used for
precious nrctal nrining that includes, u,ithout lirnitatiotr:

(7) Anv ntethorls or teclnologies to control nrcrcury entissions tfiich are

associated urith the tlrcrmal units that entit nrcrcury;

(2) Tlrc larcl of nrrcury entissions associated u,ith each nrcthod or teclmology to

control nrrcury arnissions fronr tlte tlrcnnal units tlmt ntit nrcrcun!;

(3) The design for each nrctlnd or teclntology to control nrercury emissions front
the thernml units that emit mercury;

(4) Costs associated u,ith reductions of mercury emissions as a result of eaclt

method or technology to cantrol mercury enrissiorts from the tlrcnnal units that

emit rnercury;

(5) Costs associated uith energrl for each metlntl or technLtlogr.l to control

nrercury entissiotts from the tlrcrnnl units that enit mercury; and

(6) Consistent with scctiotr 112A1)@ ol the Act, any nonair quality health and

entrironnrental impacts and errcrgy requirenrcnts for each nrctlnd or technology

to control mercury entissiotrs from the tlternnl units that entit nrcrcury.

3.3.1.1 Mercury Controls

The Nevada Mercury Control Program (NMCP) permits for existing kilns were downloaded

from the Nevada Division of Environmental Protection (NDEP) Public Document Search

website to obtain a list of the existing kiln mercury controls. This information is summarized in
Table 3-1.

Appendix 3, Page 24

x

X

x



T.ble 3-1. Exirting Similrr Thermal Units: NvMACT Controls and Permitted €missiont Limits
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As shown in Table 3-1, the mercury controls installed for kilns include condensers, wet

scrubbers, and carbon adsorbers.

3.3.1.1.1 Condensers

As shown in Table 3-1, many existing kilns employ a condenser in the control train. For these

kilns, the exhaust stream passes through the condenser, which cools the gas and causes the

water vapor, and possibly vaporized mercury to condense. Any condensed mercury is then

bled from the condenser into a collection vessel. The species of mercury collected from the

condensers at precious metal mining, processing, and refining facilities in Nevada is elemental

The two most common types of condensers are surface and contact condensers. Surface

condensers cool gas streams by circulating water (or other cooling medium) through an

enclosed water jacket surrounding the exhaust system or through a shell-and-tube type heat

exchanger. Contact condensers cool gas streams by spraying cooled water into the gas stream.

The following correlation exists for both types of condensers: the colder the circulating water,

the colder the exhaust gas, and, for a constant inlet loading of mercury, the more efficient the

removal of mercury from the gas stream (EPA 2002). However, for many kilns, the

concentration of mercury in the exhaust is too low for mercury condensation. The primary
purpose of the condensers is to remove water droplets from the exhaust stream prior to the

carbon filter.

3.3.1.1.2 Wet Scrubbers

As shown in Table 3-1, other existing kilns employ wet scrubbers in addition to or in place of a

condenser in the control train. Wet scrubbers control particulates, including particulate

mercury, through impaction, diffusion, interception, and/or adsorption of the pollutant onto

droplets of liquid. As the gas passes through the wet scrubber, there is a drop in pressure. For

wet scrubbers in general, the greater the pressure drop, the higher the particulate control

efficiency. The Iiquid-to-gas ratio also affects scrubber efficiency. There must be sufficient liquid
injected into the scrubber to allow contact with the particulate. After an optimal point, adding

excess liquid to a scrubber does not increase the particulate control efficiency. The liquidto-gas
ratio for wet scrubbers typically ranges from 4 to 20 gallons per 1,000 actual cubic feet (EPA

1.984).

One mine, Nevada Gold Mines LLC - Twin Creeks Mine, employs a hypochlorite wet scrubber

to control the kiln exhaust. ln this scrubber, hypochlorite solution is used to oxidize elemental

mercury to mercuric chloride (HgCl:). HgCll is soluble in water and only slightly volatile at

ordinary temperatures (0.1 mmHg at 100'C) (Akron n.d.).

3.3.1.1.3 Carbon Adsorption

Carbon adsorption filters use activated carbon particles to adsorb mercury from the gas stream.

Adsorption occurs when gas molecules are passed through a bed of solid particles (activated

carbon). The gas molecules migrate from the gas stream to the surface of the solids, where they

are held by physical attraction (EPA 2002). Carbon impregnated with elemental sulfur increases
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the adsorption efficiencv due to the sulfur-mercury reaction that forms mercury sulfide, a stable

mercury compound with a low vapor pressure (Booz et al. 2001).

Carbon filters control all types of mercury: particulate-bound, oxidized, and elemental. The

mercury in the gas stream is adsorbed to the carbon and collected as carbon loaded with
mercury. Once the carbon reaches adsorptive capacity, it is replaced, and the spent carbon is

reclaimed. The carbon filter's mercury content is monitored to ensure that the mercury loading

does not exceed the value recommended by the manufacturer. The typical carbon loading

capacity is approximately 20 percent (or more) mercury by weight (SION n.d.) (Klett et al. 2002).

Carbon mercury loading can be monitored directly, or the mercury concentration in the exhaust

at the outlet of the carbon filter can be monitored to ensure the effectiveness of the carbon

adsorber.

Some factors that can affect carbon filter adsorption efficiency include residence time of the gas

in the carbon filter, carbon particle size, and exhaust stream moisture content. LonBer residence

times and smaller carbon particle sizes increase the mercury removal efficiency of the carbon

filter (Booz et al. 2001). According to Scotia International of Nevada (SION), "Sonre moisture irt

the gas streant, ond therefore in the carborr, cntalyzes tlte nrcrcury renrottal reactiott. lt is anticipated that

as long as ro free urater is bcing released Jront tlrc carhon, the ntoisture nnxintLm u'ould he 45%. Release

of ntoisture front tlrc carbon, tttould itrdicate tlfit tlrc gas streatn is condensitg tttitltin the carbon, zLliclr

l'las tlu potential to irltibit the nrcrcury rentoual reactiorr. Tlrc carbon is delittered utith a nonrinal

rttoisture of 5% (this ttalue con L'ary by the anfuient hunrirlity of the arm of usage)" (SION 2021).

In short, mercury removal may be inhibited when carbon is physically wet with water (where

moisture exceeds 45 percent).

3.3.1.1.4 Work Practices

In addition to the controls listed in Table 3-1, most of the precious metal mining facilities in
Nevada incorporate several different work practices into their processes to reduce mercury

emissions. These work practices include inspecting the exhaust capture system and replacing
the carbon prior to exceeding the recommended mercury loading levels.

The exhaust from the kiln must be captured and conveyed to the control system and then to a

stack before being released to the atmosphere. The equipment for the ventilation system

consists of hoods, ductwork, fans, and a stack. The hoods and ductwork are inspected

periodically to ensure proper emissions capture.

To ensure sufficient control efficiency by a carbon filter, the carbon filter media is replaced prior
to exceeding maximum mercury loading as recommended by the manufacturer. This can be

accomplished by:

. replacing the carbon on a schedule that ensures the recommended mercury loading is

not exceeded, based on worst-case mercury loading data;

. monitoring the loading of mercury on the carbon directly by carbon analyses;
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. monitoring the mercury levels in the exhaust from the carbon filter; or

o a combination of the above work/monitoring practices.

3.3.1.2 Mercury Emissions

NMCP permits for existing kilns were downloaded from the NDEP Public Document Search

website to obtain a list of the existing mercury emission limits. This inJormation is summarized

in Table 3-1 of Section 3.3.1.1. The NvMACT emission limits range from the General Industry
NvMACT limit for kilns of 1.0E-04 grains per dry standard cubic foot (gr/dscf) to the True-

UplTrue-Down (TUTD) interim limit of 5.0E-03 gr/dscf (NDEP 2016), with the exception of
two facilities (Borealis Mining Company and Nevada Gold Mines LLC - Goldstrike Mine)

limited to 5.0E-05 gr/dscf, the General Industry NvMACT limit for exhaust streams including
pregnant and barren tanks.

NMCP compliance tests for existing kilns were downloaded from the NDEP Public Document

Search website to obtain the actual mercury emissions data for kilns utilizing NvMACT
controls. This information is summarized in Table 3-2 for years 2018 through 2025. As shown in
Table 3-2, all stack test results are below the TUTD interim limit of 5.0E-03 gr/dscf and many of
the stack test results are also below the General Industry NvMACT limit for kilns of 1.08-04

gr / dscf.
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3.3.1.3 Mercury Control Costs

The costs of existing condensers, wet scrubbers, and carbon filters listed in Table 3-1 were

estimated in current dollars using technical documents from the EPA Clean Air Technology

Center and economies of scale (for the condenser). These documents provide the capital costs,

operational and maintenance (O&M) costs, and annualized costs as functions of exhaust flow
rate. Based on the exhaust flow rates listed in Table 3-1, the estimated carbon kiln control costs

are summarized in Table 3-3.

Table 34. Existing Similar Thermal Units: Conkol Costs

Annualized Cost
($1,000/yr)Control

Exhaust Flow
(scfm)

Capital Cost
($1,ooo)

O&M Cost
($1,ooo7 y4

Condenser 95 to 410 8to32 3to13 '1 to 18

We't Scrubbcr 700 to 3,500 15to74 78 to 390 124 to 622

Carbon Filter 95 to 3,500 I0 k) 368 not ar'.rilablt' not available

(EPA 2003cs) (EPA 2003vs) (EPA 1999) (M.A.Tritre, R.L.W.Alpine 1985)
scfm = standard cubic feet per minute; yr = year

3.3.1.4 Non-Air Quality Health and Environmental Impacts and Energy
Requirements

The rnain non-air-quality health and environmental impact caused by mercury control
technologies for kilns is the reclamation of the carbon loaded with mercury from carbon filters.

Once the carbon reaches adsorptive capacitv, it is replaced with fresh carbon and the loaded

carbon is reclaimed. In addition, shipping the used carbon to a reclamation facility has non-air-

quality health, environmental, and energy impacts.

The use of condensers, wet scrubbers, and carbon filters would cause increased energy

consumption due to the additionaI fan and pump power requirements and the energy required

to cool the circulating water in the condenser. Wet scrubbers (including hypochlorite scrubbers)

use water as a scrubbing solution and the discharge of this water has environmental impacts.

3.3.2 Part II - Other Controls and/or Work Practices

Part II of the NvMACT analysis examines other control options and/or work practices not

currently employed at the existing kilns described in Part I - Existing Similar Thermal Units.

3.3.2.1 Other Mercury Control Options

In addition to the mercury control technologies employed with existing kilns, the following
mercury control options are examined below:

1. Boliden-NorzinkProcess

2. Activated Carbon Injection

3. Selenium Scrubber
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4. Selenium Filter

5. Baghouse

3.3.2.1.1 Boliden-Norzink Process

In the Boliden-Norzink process, a mercuric chloride (Hgcl:) solution reacts with elemental

mercury in the ofFgas to form a mercurous chloride (HgCl) precipitate known as calomel,

which then settles and is recovered. This reaction occurs in a packed column. Once the solid is

removed, the wash solution can be recirculated. A portion of the precipitate can be used to

regenerate the mercuric chloride solution using chlorine gas (Booz et al. 2001). The rest of the

calomel is sent off-site for reclamation. The Boliden-Norzink process uses the following
reaction:

HgCl:q",r..1 + Hgrg*r r 2HgClr."riar

Boliden-Norzink scrubbers are installed on the Nevada Gold Mines LLC - Goldstrike
(Goldstrike), ferritt Canyon Gold, LLC flerritt Canyon), and Nevada Gold Mines LLC - Gold

Quarry Operations (Gold Qua.ry) roasters. These roastcrs volatilize large amounts of mercury

and in turn produce large amounts of mercury co-product in the form of calomel. The calomel

production at Goldstrike, Jerritt Canyon, and Gold Quarry averages '195,340 pounds, T ,640

pounds, and 9,120 pounds, respectively (Barrick 2018).

A Boliclen-Norzink scrubber has not been applied to any existing kilns at precious metal mining
facilities in Nevada. There is no basis for assessing its performance in such an application, given

the dissimilarities between the carbon regenerahon process (and its characteristic emission

stream) and the units/emission streams where Boliden-Norzink scrubbers have been applied.

In addition, this technology requires a significant capital investment and produces wastewater

(process water containinB chloride ions) and solid waste (calomel). The capital costs of the

Boliden-Norzink scrubbers installed at Goldstrike and Gold Quarry are $4.7 million and $3.2

million, respectively (Barrick 2018).

Based on the Boliden-Norzink process cost and environmental impacts, and the low amount of
mercury emitted from kilns, Boliden-Norzink scrubbers are not representative of NvMACT for
kilns.

3.3.2.1..2 Activated Carbon Injection

Activated carbon iniection is similar to activated carbon filters in that activated carbon particles

are used to adsorb mercury from the off-gas stream. In this process, the carbon particles are

injected directly into the off-gas stream to adsorb mercury. They are then collected in
downstream particulate controls, such as baghouses, wet scrubbers, or wet ESPs. Carbon

infection is typically used in the power plant industry, where particulate control technologies

have already been installed to clean fly-ash (and injected activated carbon) from the off-gas

stream.
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This process has not been applied to existing kilns at precious metal minrng facilities in Nevada,

and there is no basis for assessing its performance in such an application. In addition, the

control efficiency of carbon injection is typically lower than that of carbon filters. Therefore, the

most appropriate activated carbon technology application for kilns is a carbon adsorption filter.

3.3.2.1..3 Selenium Scrubber

Selenium scrubbers use selenium or a selenium compound within a scrubber to react with
elemental mercury in the off-gas to form mercuric selenide (HgSe). HBSe has a lower vapor

pressure than other common mercury compounds, which allows for mercury capture. The

HgSe is removed in a sludge separation circuit, which requires a thickener and HgSe

reclamation. Sulfuric acid, at concenkations between 10 and 60 percent, is used as the wash

solution for the process.

Seleniunr scrubbers are appropriate for gas streams with high mercury loading. The outlet

concentrations from this process are typically higher than the concentrations achieved from the

Boliden-Norzink process discussed in Section 3.3.2."1."1. Selenium scrubbers are not widely used

due to their low removal efficiency and expensive reagent and rcclamation requirements.

Therefore, this option is not considered an effective mercury control method for kilns.

3.3.2.1..4 Selenium Filter

Selenium filters are similar to selenium scrubbers in that they use selenium to react with the

elemental mercury in the off-gas stream to form mercuric selenide. Selenium filters use a

selenium-impregnated porous carrier structure, housed in a cylindrical tower. The selenium

filter's maximum operating temperature is approximately 250"F. The filters require a dry gas

stream because moisture tends to degrade the filter media. The typical filter's carrying capacity

is between 10 and 15 percent mercury by weight.

Selenium filters have been installed in only a few places in the world, and primarily in Sweden,

and no operating data from these applications are available. Selenium filters are expensive to

produce and to regenerate. There is no basis to believe that selenium filters would provide a

better alternative to activated carbon filters. In addition, there is some concern that the seleniun.r

filters cause selenium air emissions. Therefore, this option is not considered an effective

mercury control method for kilns.

3.3.2.1.5 Baghouse

Baghouses, also called fabric filters, collect particulates by passing the off-gas through filters

where the particulates collect on the fabric surface. Baghouses conttol particulate mercury, but
they do not control gaseous elemental mercury (Booz et al. 2001). Therefore, this option is not

considered an effective mercury control method for kilns where the primary form of mercury
emissions is elemental or oxidized mercurv.
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3.3.2.2 Other Work Practices

All viable work practices for reducing mercury emissions have already been addressed in Part I

- Existing Similar Thermal Units. Thus, there are no other work practices, process changes, or
material substitutions that can be instituted to reduce mercury emissions from kilns.

3.3.3 Part III - Proposed NvMACT
Per NAC 4458.3681.5.(a), the applicant must propose "standards, ntethod.s of control or other

limitations to be applied to tfu thernnl unit for the reductiort of nrcrcury entissions that tlu applicant

deenrs suffcient for tlrc Director to tletermine to be NIMACT for the tlrcrnnl unit tlnt entits nrcrcury."

The NvMACT proposed in this section follows the criteria required by the Director pursuant to

NAC 4458.3683. All items considered in this NvMACT analysis are checked in the criteria list
provided below:

NAC 4458.3683 Redant of and action on application for new or modifed tlrcrnnl unit that entits

mercury.

8 Z.{U) tvta*e a detennination of N?MACT Jor the thernnl unit that emits merury in uhich tfu
Director shall consider tlrc follouting for ench thermal unit that enits nrcrcury:

(-l) The nnxinrunr degrec of rerluction of mercury emissiorrs fhnf is achitz'able for
the thernnl unit after considering:

(l) Tht cost of achiet ing suclt a reductitttt; tnd

(ll) Consistent u,ith section 112(d)(2) of the Act, any nonair quality lrcalth and

enuironnrcntal impacts and energy requiremettts for esclt nrcthod or technology

to control nrcrcury enissiorts from the thernml wit tlnt enrits nercury to
intplenwtt the NItMACT.

X (2) The rueasures that reduce thc aolunr or elininate ntercury enissions througlt

process changes, substitution of materials or any otlrcr nrodifcations.

(3) The enclosure of systens or processes to elininnte nrcratry entissions

N (4) Tlrc collection, captltre or treatment of nrcrcury entissiorts.

(5) Tlrc design, equipnrcnt, u'ork practice ar operational stanLlards of the themnl
unit tlmt enits nrercury, includirg, tttithoul limitation, the requirenrcnts for
training and certifcation of operators of the tlrcrmal unit tlmt emits mercury.

(6) Tlrc tliferences in tlrc oge, remaining operating life and confgurations of
similar thennal units tlnt entit mercury.The Director may nlso consider tlrc
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dffirmces in the concmtration of mercury in the ore, size and any other rclet ant

Jactors of the similar thermal units that emit melcury.

3.3.3.1 Proposed Controls and Work Practices

Based on the existing control technologies and work practices described in Part I and the

additional control technology options described in Part II, Goldcorp proposes the following
control equipment, work practices, and capture system as NvMACT for the proposed kiln:

Control equipment:

o Carbon Bed

Work practices:

o The kiln drum will be visually inspected for structural damage and cracks annually.

. The carbon bed will contain at least 450 pounds of sulfur-impregnated carbon.

. The gas temperature entering the carbon bed will not exceed 200 degrees Fahrenheit ('F).

o The differential pressure (DP) across the carbon bed will not exceed 11 inches of water

column (in WC).

o The carbon in the carbon bed shall be monitored and replaced prior to exceeding 20

percent mercury by weight.

Capture system:

The exhaust will be pulled through the control system by an exhaust fan. The system will be

designed so that all emissions from the kiln are captured and ducted to the mercury control

system.

A flow diagram of the proposed NvMACT mercury control system is provided in Figure 3-2.

Figure 3-2. Lone Tree Exhaust Gas Treatment
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The proposed kiln will be designed to process 0.32 tons of carbon per hour. In the proposed

control system, the exhaust stream from the carbon kiln will pass tfuough a knockout box for
passive particle control; then a heat exchanger and mist eliminator to cool the exhaust and

remove water droplets; and finally, through a carbon bed for mercury removal.

The carbon bed will hold 450 pounds of sulfur-impregnated carbon. The bed is designed for an

exhaust flow rate of approximately 210 dry standard cubic feet per minute (dscfm) with a
residence time of 4.3 seconds (Hatch 2025). The loading capacity of the carbon is 20 percent

mercury by weight.

Table 3-4 provides the carbon bed design analysis using NDEP's NvMACT Specific Case-by-

Case Worksheet for deep bed systems.

Table &5. Carbon Bed Design Analysis

As shown by Table 3-4, the volume of carbon is sufficient to provide adequate residence time
()1 second based on the dry standard flow rate) and the total weight of carbon is sufficient for

the expected mercury loading rate (mercury saturation is approximately 1.1 years). Based on

this analysis, the proposed kiln control system meets NvMACT.

3.3.3.2 Proposed Mercury Emission Limit
As shown in Table 3-1 of Section 3.3.1.1, the NvMACT mercury emission limits for existing kilns
range from the General Industry NvMACT limit of 1.0E-04 gr/dscf to the TUTD interim limit of
5.0E-03 gr/dscf. Goldcorp proposes the General Industry NvMACT Limit of 1.0E-04 gr/dscf for

the proposed kiln.

3.3.3.3 Cost of Controls

The cost of the proposed kiln carbon bed was estimated in current dollars using technical

documents from the EPA Clean Air Technology Center. These documents provide the capital

costs, O&M costs, and annualized costs as functions of exhaust flow rate. Based on the exhaust

flow rate of 210 dscfm, the estimated kiln control costs are summarized in Table 3-5.
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Table 3-5. Lone Tree Kiln Control Costs

Control
Exhaust Flow

(dscfm)
Capital Cost

($)
O&M Cost

(Vyr)
Annualized Cost

(Vv.)

Carbon Becl 210 72,"t00 not available not available

(EPA 1999)
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3.0 NvMACT ANALYSIS. PREGNANT AND BARREN
TANKS

3.1 Introduction
Goldcorp DEE LLC (Goldcorp) proposes to install and operate one pregnant solution tank and

one barren solution tank as part of the strip circuit at the Lone Tree Mine (Lone Tree). Per

Nevada Administrative Code (NAC) 4458.3681.6, a Nevada Maximum Achievable Control

Technology (NvMACT) analysis is required for new thermal units that emit mercury, as a part

of a Mercury Operating Permit to Construct (MOfTq application. The NvMACT analysis

provided herein addresses all the applicable requirements of NAC ,1458.3681.6.

3.2 Process Description
In a strip circuit, gold and other metals including mercury are stripped from the gold-bearing

carbon by first washing the carbon with an acidic solution in a vessel and then stripping the

carbon with a heated strip solution (barren solution) in a strip vessel. The solution exiting the

strip vessel (pregnant solution) contains gold and is pumped to the pregnant tank for storage

prior to being pumped to the electrowinning (EW) circuit. The EW circuit is used to precipitate

the gold, carried by the pregnant solution, via electrolysis. The barren solution exiting the EW

circuit is sent to the barren tank for storage prior to being reused in the stripping process.

The exhaust streams from the pregnant and barren tanks at Lone Tree will be ducted together

and routed through a carbon bed before being released to the atmosphere. See Figure 3-1 for a

process flon, diagram.

Figure 3-1. Pregnant and Barren Tanks Process Flow Diagram

MLst
Elim'mtor

<J

Carbon F ilter
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3.3 NvMACT Analysis
3.3.1 Part I - Existing Similar Thermal Units

Part I of the NvMACT analysis provides a list of similar existing thermal units used for precious

metal refining and describes the controls and work practices used to reduce mercury emissions.

All information required by NAC 4458.3681, as described below, is provided herein:

NAC 4458.3681 NnL, or modifed thermal unit tlnt emits nrcrcury: Contetts of required application

6.(b) Sets lorth a list of sinrilar thermal units tlnt enit ntercury tLlich are used for
precious metal nrining tlut includes, without limitatiort:

x (1) Any metlnds or technologies to control nrcrcury enrissions ultich are

associated utith tfu tlrcrmal units tlqt enit nrcrcury;

(2) T'|rc lnel of nrcrcury enissions associoted utith each nrcthod or technology to

control ntercury enissions from tlrc tlrcrmal units that efiit rcrcury;

(3) The design for each nrethod or technology to control nrercury enissions from
tlrc tlermal units that entit mercury;

(4) Costs associated u-,ith reductions of mercury emissions as a result of each

nrethod or technology to control nrcrcury enissions from the thernnl units that

emit mercury;

(5) Costs ossociateLl utith energy for cach nntlnd or technologv to control

nrercury cnissittrts from the tlternnl units that enit nrcrcury; nnd

X (6) Consistent u,ith section 
-I'12(d)(2) of the Act, any nonair quality health and

enuironnrcntal intltacts and energy requirenrcnts for each method or technologv

to control ntercury emissions from tlrc tlrcrnnl units that entit nrcrcury.

3.3.1.1 Mercury Controls

The Nevada Mercury Control Program (NMCP) permits for existing strip circuit units (i.e., EW

circuits, pregnant tanks, and barren tanks) were downloaded from the Nevada Division of

Environmental Protection (NDEP) Public Document Search website to obtain a list of the

existing strip circuit system mercury controls. This information is summarized in Table 3-1.
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As shown in Table 3-1, the primary mercury control installed for strip circuit units is a carbon

adsorber. Some facilities also have condensers or mist eliminators for gas conditioning
upstream of the carbon adsorbers. One facility, Nevada Gold Mines LLC - Gold Quarry
Operations, employs a wet scrubber, however, it is located downstream of the carbon adsorber
and therefore assumed not for mercury control.

3.3.1.1.1 Condensers

As shown in Table 3-1, some existing strip circuit systems employ a condenser in the control
train. For these EW cells and tanks, the exhaust stream passes through the condenser, which
cools the gas and causes the water vapor, and possibly vaporized mercury to condense. Any
condensed mercury is then bled from the condenser into a collection vesse[. The species of
mercury collected from the condensers at precious metal mining, processing, and refining
facilities in Nevada is elemental.

The two most common types of condensers are surface and contact condensers. Surface

condensers cool gas streams by circulating water (or other cooling medium) through an

enclosed water iacket surrounding the exhaust system or through a shell-and{ube type heat

exchanger. Contact condensers cool gas streams by spraying cooled water into the gas stream.

The following correlation exists for both types of condensers: the colder the circulating water,

the colder the exhaust gas, and, for a constant inlet loading of mercury, the more efficient the
removal of mercury from the gas stream (EPA 2002). However, for most strip circuit units, the

concentration of mercury in the exhaust is too low for mercury condensation. The primary
purpose of the condensers or mist eliminators is to remove water droplets from the exhaust

stream prior to the carbon filter.

3.3.7.1..2 Carbon Adsorption

Carbon adsorption filters use activated carbon particles to adsorb mercury from the Bas stream.

Adsorption occurs when gas molecules are passed through a bed of solid particles (activated

carbon). The gas molecules migrate from the Bas stream to the surface of the solids, where they

are held by physical attraction (EPA 2002). Carbon impregnated with elemental sulfur increases

the adsorption efficiency due to the sulfur-mercury reaction that forms mercury sulfide, a stable

mercury compound with a low vapor pressure (Booz ct al. 2001).

Carbon filters control all types of mercury: particulate-bound, oxidized, and elemental. The

mercury in the gas stream is adsorbed to the carbon and collected as carbon loadecl with
mercury. Once the carbon reaches adsorptive capacity, it is replaced, and the spent carbon is

reclaimed. The carbon filter's mercury content is monitored to ensure that the mercury loading

does not exceed the value recommended by the manufacturer. The typical carbon loading

capacity is approximately 20 percent (or more) mercury by weight (SION n.d.) (Klett et al. 2002).

Carbon mercury loading can be monitored directly, or the mercury concentration in the exhaust

at the outlet of the carbon filter can be monitored to ensure the effectiveness of the carbon

adsorber.

Some factors that can affect carbon filter adsorption efficiency include residence time of the gas

in the carbon filter, carbon particle size, and exhaust stream moisture content. Longer residence

Appendix 3, Page 45



times and smaller carbon particle sizes increase the mercury removal efficiency of the carbon

filter (Booz et al. 2001). According to Scotia Intemational of Nevada (SION), "Some moisture in

tlrc gas streanr, and therefore in tlrc carbon, catalyzes tlrc nrcrcury remoual reactiott. It is anticipated tlnt
as long as no free utater is being released from tlrc carbon, the moisture nnximunt zooukl be 45%. Release

of moisture front tlrc carbon, rtould indicate that the gzs streant is condensing zLtithin the carbon, which

has the potential to inltibit the mercury remoual reaction. Tlrc carhon is deliuered utith a nominnl

ntoisture ttf 5% (this lalue can zrary by tlrc anfuient lumidity of the area of usage)" (SION 2021).

In short, mercury removal may be inhibited when carbon is physically wet with water (where

moisture exceeds 45 percent).

3.3.1.1.3 Work Practices

In addition to the controls listed in Table 3-1, most of the precious metal mining facilities in
Nevada incorporate several different work practices into their processes to reduce mercury

emissions. These work practices include inspecting the exhaust capture system and replacing

the carbon prior to exceeding the recommended mercury loading levels.

The exhaust from the strip circuit units must be captured and conveyed to the carbon filter and

then to a stack before being released to the atmosphere. The equipment for the ventilation
system consists of hoods, ductwork, fans, and a stack. The hoods and ductwork are inspected

periodically to ensure proper emissions capture.

To ensure sufficient control efficiency by a carbon filter, the carbon filter media is replaced prior
to exceeding maximum mercury loading as recommended by the manufacturer. This can be

accomplished by:

. replacing the carbon on a schedule that ensures the recommended mercury loading is

not exceeded, based on worst-case mercury loading data;

. monitoring the loading of mercury on the carbon directly by carbon analyses;

. monitoring the mercury levels in the exhaust from the carbon filter; or

o a combination of the above work/ monitoring practices.

3.3.1.2 Mercury Emissions

NMCP permits for existing strip circuit units were downloaded from the NDEP Public

Document Search website to obtain a list of the existing mercury emission limits. This

information is summarized in Table 3-1 of Section 3.3.1.1. The NvMACT emission limits range

from the General Industry NvMACT limit for fluid systems of 5.0E-05 grains per dry standard

cubic foot (gr/dscf) to the True-Up/True-Down (TUTD) interim limit of 5.0E-03 grldscf (NDEP

2016), with the exception of one facility, Klondex Aurora Mine, Inc. limited to 1.0E-05 gr/ dscf ,

that is applicable to their EW cells, tanks, and furnace operating scenario.

NMCP compliance tests for existing strip circuit units were downloaded from the NDEP Public

Document Search website to obtain the actual mercury emissions data for these units utilizing
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NvMACT controls. This information is summarized in Table 3-2 for years 2018 through 2025. As

shown in Table 3-2, all stack test results are below the TUTD interim limit of 5.0E-03 gr/dscf
and many of the stack test results are also below the General Industry NvMACT limit for fluid
systems of 5.0E-05 gr/dscf
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Table 12. Existing Similar Thermal Units: Compliance Test Results
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3.3.1.3 Mercury Control Costs

The cost o[ existing condensers and carbon filters listed in Table 3-1 were estimated in current

dollars using technical documents from the EPA Clean Air Technology Center and the

economies of scale. These documents provide the capital costs, operational and maintenance

(O&M) costs, and annualized costs as functions of exhaust flow rate. Based on the exhaust flow
rates listed in Table 3-1, the estimated strip circuit system control costs are summarized in Table

J-J.

Table 3-3, Existing Similar Thermal Units: Control Costs

Control
Exhaust FIow

(scfm)
Capital Cost

($1,000)
O&M Cost
($1,000/ yr)

Annualized Cost
($1,000/ Yr)

Condenscr 740 3ti 16 2I

Carbon Filtcr 441 to 10,358 46 to 1,09t) not available not available

(EPA 2003cs) (EPA 1999) (M.A.Tribe, R.L.W.Atpine 1985)

scfm = standard cubic feet per minute; yr = vear

3.3.1.4 Non-Air Quality Health and Environmental Impacts and Energy
Requirements

The main non-air-quality health and environmental impact caused by mercury control

technologies for strip circuit units is the reclamation of the carbon loaded with mercury from

carbon filters. Once the carbon reaches adsorptive capacity, it is replaced with fresh carbon and

the loaded carbon is reclaimed. In addition, shipping the used carbon to a reclamation facility
has non-air-quality health, environmental, and energy impacts. Also, the use of condensers and

carbon filters would cause increased energy consumption due to the additional fan and pump

power requirements and the energy required to cool the circulating water in a condenser.

3.3.2 Part II - Other Controls and/or Work Practices

Part II of the NvMACT analysis examines other control options and/or work practices not

currently employed with the existing strip circuit units described in Part I - Existing Similar

Thermal Units.

3.3.2.1 Other Mercury Control Options

In addition to the mercury control technologies employed at existing strip circuit units, the

following mercury control options are examined below:

1. Boliden-Norzink Process

2. Activated Carbon Injection

3. Selenium Scrubber

4. Selenium Filter

5. Baghouse
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3.3.2."1.,-1. Boliden-Norzink Process

In the Boliden-Norzink process, a mercuric chloride (HgCl:) solution reacts with elemental

mercury in the off-gas to form a mercurous chloride (HgCl) precipitate known as calomel,

which then settles and is recovered. This reaction occurs in a packed column. Once the solid is
removed, the wash solution can be recirculated. A portion of the precipitate can be used to

regenerate the mercuric chloride solution using chlorine gas (Booz et al. 2001). The rest of the

calomel is sent off-site for reclamation. The Boliden-Norzink process uses the following
reaction:

HgCl21..1.a * Hgrn*r --- 2HgC\*ri.rr

Boliden-Norzink scrubbers are installed on the Nevada Gold Mines LLC - Goldstrike
(Goldstrike), Jerritt Canyon Gold, LLC (Jerritt Canyon), and Nevada Gold Mines LLC - Gold

Quarry Operations (Gold Quarry) roasters. These roasters volatilize large amounts of mercury

and in turn produce large amounts of mercury co-product in the form of calomel. The calomel

production at Goldstrike, Jerritt Canyon, and Gold Quarry averages 195,340 pounds, 7,640

pounds, and 9,1,20 pounds, respectively (Barrick 2018).

A Boliden-Norzink scrubber has not been applied to any existing strip circuit system at precious

metal mining facilities in Nevada. There is no basis for assessing its performance in such an

application, given the dissimilarities between the stripping and electrowinning process (and its

characteristic emission stream) and the units/emission streams where Boliden-Norzink
scrubbers have been applied. In addition, this technology requires a significant capital
investment and produces wastewater (process water containing chloride ions) and solid waste

(calomel). The capital costs of the Boliden-Norzink scrubbers installed at Goldstrike and Gold

Quarry are fi.7 million and $3.2 million, respectively (Barrick 2018).

Based on the Boliden-Norzink process cost and environmental impacts, and the low amount of

mercury emitted from strip circuit units, Boliden-Norzink scrubbers are not representative of
NvMACT for pregnant and barren tanks.

3.3.2.1..2 Activated Carbon Injection

Activated carbon injection is similar to activated carbon filters in that activated carbon particles

are used to adsorb mercury from the off-gas stream. In this process, the carbon particles are

injected directly into the off-gas stream to adsorb mercury. They are then collected in
downstream particulate controls, such as baghouses, wet scrubbers, or wet ESPs. Carbon

injection is typically used in the power plant industry, where particulate control technologies

have already been installed to clean fly-ash (and injected activated carbon) from the off-gas

stream.

This process has not been applied to existing strip circuit systems at precious metal mining
facilities in Nevada, and there is no basis for assessing its performance in such an application. In

addition, the control efficiency of carbon injection is typically lower than that of carbon filters.
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Therefore, the most appropriate activated carbon technology application [or pregnant and

barren tanks is a carbon adsorption filter.

3.3.2.1.3 Selenium Scrubber

Selenium scrubbers use selenium or a selenium compound within a scrubber to react with
elemental mercury in the off-gas to form mercuric selenide (HgSe). HgS€ has a lower vapor
pressure than other common mercury compounds, which allows for mercury capture. The

HgSe is removed in a sludge separation circuit, which requires a thickener and HgSe

reclamation. Sulfuric acid, at concentrations between 10 and 60 percent, is used as the wash

solution for the process.

Selenium scrubbers are appropriate for gas streams with high mercury loading. The outlet
concentrations from this process are typically higher than the concentrations achieved from the

Boliden-Norzink process discussed in Section 3.3.2.-1,.1. Selenium scrubbers are not widely used

due to their low removal efficiency and expensive reagent and reclamation requirements.

There'fore, this option is not considered an effective mercury control method for pregnant and

barren tanks.

3.3.2.1.4 Selenium Filter

Selenium filters are similar to selenium scrubbers in that they use selenium to react with the

elemental mercury in the off-gas stream to form mercuric selenide. Selenium filters use a

selenium-impregnated porous carrier structure, housed in a cylindrical tower. The selenium

filter's maximum operating temperature is approximately 250"F. The filters require a dry gas

stream because moisture tends to degrade the filter media. The typical filter's carrying capacity

is between 10 and 15 percent mercury by weight.

Selenium filters have been installed in only a few places in the world, and primarily in Sweden,

and no operating data from these applications are available. Selenium filters are expensive to

produce and to regenerate. There is no basis to believe that selenium filters would provide a

better alternative to activated carbon filters. In addition, there is some concern that the selenium

filters cause selenium air emissions. Therefore, this option is not considered an effective

mercury control method for pregnant and barren tanks.

3.3.2.7.5 Baghouse

Baghouses, also called fabric filters, collect particulates by passing the off-gas through filters
where the particulates collect on the fabric surface. Baghouses control particulate mercury, but
they do not control gaseous elemental mercury (Booz et al. 2001). Therefore, this option is not

considered an effective mercury control method for strip circuit units where the primary form
of mercury emissions is elemental mercury.

3.3.2.2 Other Work Practices

All viable work practices for reducing mercury emissions have already been addressed in Part I

- Existing Similar Thermal Units. Thus, there are no other work practices, process changes, or
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material substitutions that can be instituted to reduce mercury emissions from pregnart and

barren tanks.

3.3.3 Part III - Proposed NvMACT
Per NAC,1458.3681.6.(a), the applicant must propose "standards, nrthods of control or otlrcr

limitations tobe applied to the tlnnnal unit for tlrc reductiotr of mercury emissiotts tlnt the applicant

deems suffcient for the Director to determine tobe NIIMACT for the themtal unit that emits ntercury."

The NvMACT proposed in this section follows the criteria required by the Director pursuant to
NAC 41458.3683. All items considered in this NvMACT analvsis are checked in the criteria list
provided below:

NAC 4458.3683 Reuieut of and action on application for neu, or modifed tlurmal unit tlnt emits

mercury.

8 Z.@) tvtal<e i aebrntinntion of NIMACT for tlrc thernnl unit that emits nrcrcury in tLrhich the

Director slroll consider tfu follotlting for eaclt therunl unit that emits mercury:

a (-1) Tlrc maximunr tlegree of reduction of mercury emissions that is aclieuable for
tlre tlrcntal unit after considering:

(l) Tht cost o.f tclticz,irr3 srrch n raductirttt; tuti

(II) Consistent tpith section 11.2(d)(2) of the Act, any nonair qunlity health and

enttironmerttal intpacts attd energy requirtnrnts for eaclt nrcthod or teclnology

to control nrratry enissions lrom the tlrcrnnl unit that enrits nrcrcury to

irrplenrcttt the NUMACT.

X (2) The measures that reduce the uolunrc or elintinate mercury enissions through

process changes, sLrbstitution of materials or any otlrcr modifcntions.

X (3) Tfu enclosure of systens or llrocesses lo elinrinate nrcrcury cnissiorts

(4) Tlrc collection, cnpture or trentnrcnt of nrcrcury enrissions.

(5) The design, equipnrcnt, uork practice or operational standards of the thennal

utrit that emits mercury, ircluding, zpithout Iintitatiott, the requirentents lor
training and certifcation of operators of the thernnl unit thnt enrits nrcrcury.

(6) The differences in the age, remaining operating life and confgurations of
sinilar tlrcnnal units that emit mercury. Tlte Director may also consider tlte

differences in the concentration of mercury in tlrc ore, size and any otfur relannt

factors of the similar tlrcrmal units tlnt enrit nercury.
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3.3.3.1 Proposed Controls and Work Practices

Based on the existing control technologies and work practices described in Part I and the

additional control technology options described in Part II, Goldcorp proposes the following
control equipment, work practices, and capture system as NvMACT for the proposed pregnant
and barren tanks:

Control equipment:

. Carbon Bed

Work practices:

. The pregnant and barren solution tanks will be inspected every six months for leaks and

corrosion.

o The carbon bed will contain at least 650 pounds of sulfur-impregnated carbon.

. The Bas temperature entering the carbon bed will not exceed 200 degrees Fahrenheit ("F).

. The differential pressure (DP) across the carbon bed will not exceed 5 inches of water
column (in WC).

o The carbon in the carbon bed shall be monitored and replaced prior to exceeding 20

percent mercury by weight.

Capture system:

The exhaust streams from the pregnant and barren tanks will be pulted tfuough the control
system by an exhaust fan. The system will be designed so that all emissions from the pregnant
and barren tanks are captured and ducted through the carbon bed.

A flow diagram of the proposed NvMACT mercury control system is provided in Figure 3-2.

Figure &2. Lone Tree Exhaust Gas Treatment
To Atmosphe'e
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The proposed pregnant and barren tanks will each be designed to process up to 270 gallons of
solution per minute (gpm). In the proposed control system, the exhaust from the pregnant tank
and barren tank will be ducted together and conditioned with a mist eliminator to collect any

entrained water droplets prior to being pulled through a carbon bed to remove mercury.

The carbon bed will hold 650 pounds of sulf ur-impregnated carbon. The bed is designed for an

exhaust flow rate of approximately 400 dry standard cubic feet per minute (dscfm) with a
residence time of 3.3 seconds (Hatch 2026). The loading capacity of the carbon is 20 percent

mercury by weight.

Table 3-4 provides the carbon bed design analysis using NDEPs NvMACT Specific Case-by-

Case Worksheet for deep bed systems.

Table 3-4. Carbon Bed Design Analysis

As shown by Table 3-4, the volume of carbon is sufficient to provide adequate residence time
()1 second based on the dry standard flow rate) and the total weight of carbon is sufficient for
the expected mercury loading rate (mercury saturation is approximately 1.7 years). Based on
this analysis, the proposed pregnant and barren tanks control system meets NvMACT.

3.3.3.2 Proposed Mercury Emission Limit
As shown in Table 3-1 of Section 3.3.1.1, the NvMACT mercury emission limits for existing st p
circuit units range from the General Industry NvMACT limit of 5.0E{5 gr/dscf to the TUTD

interim limit of 5.0E-03 gr / dscI. Coldcorp proposes the General Industry NvMACT Limit of
5.0E-05 gr/dscf for the proposed pregnant and barren tanks.

3.3.3.3 Cost of Controls

The cost of the proposed pregnant and barren tanks carbon bed was estimated in current dollars
using technical documents from the EPA Clean Air Technology Center. These documents
provide the capital costs, O&M costs, and annualized costs as functions of exhaust flow rate.

Description It'n il I Symbol Equr(ions

Volume of bed 22 VI] VB=MC/CD

Total quantity of carbon 650 lbs Capacity ofcarbon bed

Carbon Hg capaciry 20 CP Scotia - 159/o to 40o,'o

Carbon density 30 lbs, fll (t) NDEP dcfault valuc

Vclocity ft nrrn V = eis^h"i
Flo\r rate ,100 DSCIT'I (l Exhaust flow ratc

Mercury loading 0.009 lb,hr t. Calculatcd bascd on 989i, control

Residcncc timc T T=((MC/CDyQP60

Pressure drop 5 in H:0 (Halch 2026)

Hg saruration (hours) 15,167 hr S, Sh=MC*(( P/100)*( l/L)
Pcrmit hours per year 8,760 hr/yr ll\'
Hg saturation (years) 1.73 )r s, S! =Sh/HY
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Based on the exhaust flow rate of 400 dscfm, the pregnant and barren tanks estimated control

costs are summarized in Table 3-5.

Table 3-5. Lone Tree Pregnant and Barren Tanks Control Costs

Control
Exhaust Flow

(dscfm)
Capital Cost

($)
O&M Cost

($/ y')
Annualized Cost

($/n)

Carbon Bed 400 42,700 not available not available

(EPA 19ts)
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3.0 NvMACT ANALYSIS - ELECTROWINNING

3.1 Introduction
Goldcorp DEE LLC (Goldcorp) proposes to install and operate one electrowinning (EW) circuit,

consisting of three cells, as part of the strip circuit at the Lone Tree Mine (Lone Tree). Per

Nevada Administrative Code (NAC) 4458.3681.6, a Nevada Maximum Achievable Control

Technology (NvMACT) analysis is required for new thermal units that emit mercury, as a part

of a Mercury Operating Permit to Construct MOI'TC) application. The NvMACT analysis

provided herein addresses all the applicable requirements of NAC ,1458.3681.6.

3.2 Process Description
In a strip circuit, gold and other metals including mercury are stripped from the gold-bearing

carbon by first washing the carbon with an acidic solution in a vessel and then stripping the

carbon with a heated strip solution (barren solution) in a strip vessel. The solution exiting the

strip vessel (pregnant solution) contains gold and is pumped to the pregnant tank for storage

prior to being pumped to EW circuit. The EW circuit is used to precipitate the gold, carried by

the pregnant solution, via electrolysis. The barren solution exiting the EW circuit is sent to the

barren tank for storage prior to being reused in the stripping process.

The exhaust stream from the electrowinning circuit at Lone Tree will be routed through a

carbon bed before being released to the atmosphere. See Figure 3-1 for a process flow diagram.

Figure 3-1. Eleckowinning Circuit Process Flow Diagram
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3.3 NvMACT Analysis
3.3.1 Part I - Existing Similar Thermal Units
Part I of the NvMACT analysis provides a list of similar existing thermal units used for precious

metal refining and describes th€. controls and work practices used to reduce mercury emissions.

All information required by NAC 4458.3681, as described below, is provided herein:

NAC 4458.3681 Nao or modifed thermal unit that eruits mercury: Contents of required application.

X 6.(b) Sets forth a list ol similar thermal units tlnt entit mercury ulich are usecl for
precious metal ntining that includes, zLtitltout limitatiort:

x (1) Any nrcthods or technologies to control mercury enrissiorts which are

associated zoith tlrc tlrcnnal units tlnt e mit mercury;

(2) The leul of mercury enissions associated with each nrctlod or teclmology to

control nrrcury emissions Jrom the thernml units that entit nrcrcury;

(3) The tlesign for each metlnd or technology to control nrercury emissions from
the thermal units that entit mercury;

(4) Costs associated ::Lith reductiorrs of nrercury emissions as a result of each

nrctlnd or teclmologtl to control meratry enrissions fronr the tlrcnnal units tlnt
entit tnercury;

(5) Costs nssociated utith encrgy for each nrctlnd or teclurology to control

ntercury enissiotts from thc tlrcnnal units tlnt enrit mercury; and

X (6) Consistent uith section '112((l)(2) of the Act, any nonair quality health antl

enuironmental impacts and energy requirenrcnts for each nrcthod or technology

to control nrercury enissions from tlrc tlrcrnnl units that entit mercurv.

3.3.1.1 Mercury Controls

The Nevada Mercury Control Program (NMCP) permits for existing strip circuit units (i.e., EW

circuits, pregnant tanks, and barren tanks) were downloaded from the Nevada Division of
Environmental Protection (NDEP) Public Document Search website to obtain a list of the

existing strip circuit system mercury controls. This inlormation is summarized in Table 3-1.
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As shown in Table 3-1, the primary mercury control installed for strip circuit units is a carbon
adsorber. Some facilities also have condensers or mist eliminators for gas conditioning
upstream of the carbon adsorbers. One facility, Nevada Gold Mines LLC - Gold Quarry
Operations, employs a wet scrubber, however, it is located downstream of the carbon adsorber
and therefore assumed not for mercurv control.

3.3.1.1.1 Condensers

As shown in Table 3-1, some existing strip circuit systems employ a condenser in the control
train. For these EW cells and tanks, the exhaust stream passes through the condenser, which
cools the gas and causes the water vapor, and possibly vaporized mercury to condense. Any
condensed mercury is then bled from the condenser into a collection vessel. The species of
mercury collected from the condensers at precious metal mining, processing, and refining
facilities in Nevada is elemental.

The two most common types of condensers are surface and contact condensers. Surface

condensers cool gas streams by circulating water (or other cooling medium) through an

enclosed water jacket surrounding the exhaust system or through a shell-and-tube type heat
exchanger. Contact condensers cool gas streams by spraying cooled water into the gas stream.

The following correlation exists for both types of condensers: the colder the circulating water,
the colder the exhaust gas, and, for a constant inlet loading of mercury, the more efficient the
removal of mercury from the gas stream (EPA 2002). However, for most strip circuit units, the
concentration of mercury in the exhaust is too low for mercury condensation. The primary
purpose of the condensers or mist eliminators is to remove water droplets from the exhaust
stream prior to the carbon filter.

3.3.1..1..2 Carbon Adsorption

Carbon adsorption filters use activated carbon particles to adsorb mercury from the gas stream.

Adsorption occurs when gas molecules are passed through a bed of solid particles (activated

carbon). The gas molecules migrate from the gas stream to the surface of the solids, where they

are held by physical attraction (EPA 2002). Carbon impregnated with elemental sulfur increases

the adsorption efficiency due to the sulfur-mercury reaction that forms mercury sulfide, a stable

mercury compound with a low vapor pressure (Booz et al. 2001).

Carbon filters control all types of mercury: particulate-bound, oxidized, and elementa[. The

mercury in the gas stream is adsorbed to the carbon and collected as carbon loaded with
mercury. Once the carbon reaches adsorptive capacity, it is replaced, and the spent carbon is

reclaimed. The carbon filter's mercury content is monitored to ensure that the mercury loading

does not exceed the value recommended by the manufacturer. The typical carbon loading

capacity is approximately 20 percent (or more) mercury by weight (SION n.d.) (Klett et al. 2002).

Carbon mercury loading can be monitored directly, or the mercury concentration in the exhaust

at the outlet of the carbon filter can be monitored to ensure the effectiveness of the carbon

adsorber.

Some factors that can affect carbon filter adsorption efficiency include residence time of the gas

in the carbon filter, carbon particle size, and exhaust stream moisture content. Longer residence

Appendix 3, Page 68



times and smaller carbon particle sizes increase the mercury removal efficiency of the carbon

filter (Booz et al. 2001). According to Scotia International of Nevada (SION), "Sotre moisture in

the gas stream, and therefore in tlte cnrbon, catalyzes tlu nrercury rentwal reactiort. lt is anticipated that

as long as no free uater is being releasecl from tlrc carbotl, the moisture nnxinrunt a,ould be 45%. Release

of moisture fronr the carbon, u,ould indicate that tlv gas stream is condensing urithin tlrc carbon, which

lns the potential to inhibit the mercury remooal reactiott. Tlte carbon is delizrered zt,ith a nominal

moisture of 5% (tlis oalue can uary by tfu anfuient humidity of the area of usage) " (SION 2021).

In short, mercury removal may be inhibited when carbon is physically wet with water (where

moisture exceeds 45 percent).

3.3.1.1.3 Work Practices

In addition to the controls listed in Table 3-1, most of the precious metal mining facilities in

Nevada incorporate severaI different work practices into their processes to reduce mercury

emissions. These work practices include inspecting the exhaust capture system and replacing

the carbon prior to exceeding the recommended mercury loading levels.

The exhaust from the strip circuit units must be captured and conveyed to the carbon filter and

then to a stack before being released to the atmosphere. The equipment for the ventilation

system consists of hoods, ductwork, fans, and a stack. The hoods and ductwork are inspected

periodically to ensure proper emissions capture.

To ensure sufficient control efficiency by a carbon filter, the carbon filter media is replaced prior

to exceeding maximum mercury loading as recommended by the manufacturer. This can be

accomplished by:

. replacing the carbon on a schedule that ensures the recommended mercury loading is

not exceeded, based on worst-case mercury loading data;

. monitoring the loading of mercury on the carbon directly by carbon analyses;

o monitoring the mercury levels in the exhaust from the carbon filter; or

o a combination of the above work/monitoring practices.

3.3.1.2 Mercury Emissions

NMCP permits for existing strip circuit units were downloaded from the NDEP Public

Document Search website to obtain a list of the existing mercury emission limits. This

information is summarized in Table 3-1 of Section 3.3.1.1. The NvMACT emission limits range
(rom the General Industry NvMACT limit for fluid systems of 5.0E-05 grains per dry standard

cubic foot (grldscl) to the True-Up/True-Down (TUTD) interim limit of 5.0E-03 gr/dscf (NDEP

2016), with the exception of one facility, Klondex Aurora Mine, Inc. limited to 1.0E-05 gr/ dscf,

that is applicable to their EW cells, tanks, and furnace operating scenario.

NMCP compliance tests for existing strip circuit units were downloaded from the NDEP Public

Document Search website to obtain the actual mercury emissions data for these units utilizing
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NvMACT controls. This information is summarized in Table 3-2 for years 2018 through 2025. As

shown in Table 3-2, all stack test results are below the TUTD interim limit of 5.0E-03 gr/dscf
and many of the stack test results are also below the General Industry NvMACT limit for fluid
systems of 5.0E-05 gr/dscf
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Trble 3-2. Existing Simile-r Thermal Units: Compliance Test Results
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Table !2. Existing SimilarThermal Units: Complian(e Test Results
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Table 3-2. Existint Similar Thermal Units: Compliance Test Results

T6r D.re 8rldxr T6r Lmr Aow l.t!.lm) Flde ({1tr0 StI[ T.n9 (Fl

w.ll6 trE UrE L El!.r'wN.EcelL 0!-1003)
Corpor.non PreFldr Tml (TUr mlr 3/r\/frx 96oE.{E 50E-{}s 3 osE.l, mr.rll.Ne rd.!.n.bb &t.vdl.hL

8.!rE Iml lTUa 02)
El(trcqMmE CeUr (TUl 003)

PresDnr T.nt (flJa mlr t/B/2o2r 6 2eE-07 s 0845 s 3sEr)6 l,@o no' iv.l.ble l05O
B.ftn Tanl llt-rl 0021

EknowFnrn* Cellt (TU.l 003)

Pr€pldl T.nl (Tl.J{ 00lr 5/ta/4012 6leE_{7 s 0E-05 t 3bl.o6 l,otl 1,478 107,
a.ftn fal r rL4 m2,
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3.3.1.3 Mercury Control Costs

The cost of existing condensers and carbon filters listed in Table 3-1 were estimated in current
dollars using technical documents from the EPA Clean Air Technology Center and the

economies of scale. These documents provide the capital costs, operational and maintenance

(O&M) costs, and annualized costs as functions of exhaust flow rate. Based on the exhaust flow
rates Iisted in Table 3-1, the estimated strip circuit system control costs are summarized in Table

J-J.

Table 3-3. Existing Similar Thermal Units: Control Costs

Control
Exhaust Flow

(scfm)
Capital Cost

($1,000)
O&M Cost
($1,000/ yr)

Annualized Cost
($r,ooo7 Yrl

Condcnser 710 38 l6 ll

Carbon Filter 441 to 10,358 46 to 1,090 not arailable not artrilable

(EPA 2003cs) (EPA 1999) (M.A.Tribe, R.L.W.Alpine '1985)

scfm = standard cubic feet per minute; yr = year

3.3.1.4 Non-Air Quality Health and Environmental Impacts and Energy
Requirements

The main non-air-quality health and environmental impact caused by mercury control

technologies for strip circuit units is the reclamation of the carbon loaded with mercury from

carbon filters. Once the carbon reaches adsorptive capacity, it is replaced with fresh carbon and

the loaded carbon is reclaimed. In addition, shipping the used carbon to a reclamation facility
has non-air-quality health, environmental, and energy impacts. Also, the use of condensers and

carbon filters would cause increased energy consumption due to the additional fan and pump
power requirements and the energy required to cool the circulating water in a condenser.

3.3.2 Part II - Other Controls and/or Work Practices

Part II of the NvMACT analysis examines other control options and/or work practices not

currently employed with the existing stdp circuit units described in Part I - Existing Similar
Thermal Units.

3.3.2.1 Other Mercury Control Options

In addition to the mercury control technologies employed at existing strip circuit units, the

following mercury control options are examined below:

1. Boliden-NorzinkProcess

2. Activated Carbon Injection

3. Selenium Scrubber

4. Selenium Filter

5. Baghouse
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3.3.2.7.7 Boliden-Norzink Process

In the Boliden-Norzink process, a mercuric chloride (Hgcl:) solution reacts with elemental

mercury in the off-gas to form a mercurous chloride (HgCl) precipitate known as calomel,

which then settles and is recovered. This reaction occurs in a packed column. Once the solid is

removed, the wash solution can be recirculated. A portion of the precipitate can be used to

regenerate the mercuric chloride solution using chlorine gas (Booz et al. 2001). The rest of the

calomel is sent off-site for reclamation. The Boliden-Norzink process uses the following
reaction:

HgCl:1*,r'.r + H$rx.n --- 2HgClr*riar

Boliden-Norzink scrubbers are installed on the Nevada Gold Mines LLC - Goldstrike
(Goldstrike), Jerritt Canyon Gold, LLC flerritt Canyon), and Nevada Gold Mines LLC - Gold

Quarry Operations (Gold Quarry) roasters. These roasters volatilize large amounts of mercury

and in turn produce large amounts of mercury co-product in the form of calomel. The calomel

production at Goldstrike, Jerritt Canyon, and Gold Quarry averages 195,340 pounds,7,640

pounds, and 9,120 pounds, respectively (Barrick 2018).

A Boliden-Norzink scrubber has not been applied to any existing skip circuit system at precious

metal mining facilities in Nevada. There is no basis for assessing its performance in such an

application, given the dissimilarities between the stripping and eleckowinning process (and its

characteristic emission stream) and the units/emission streams where Boliden-Norzink
scrubbers have been applied. In addition, this technology requires a significant capital

investment and produces wastewater (process water containing chloride ions) and solid waste

(calomel). The capital costs of the Boliden-Norzink scrubbers installed at Goldstrike and Cold

Quarry are $4.7 million and $3.2 million, respectively (Barrick 2018).

Based on the Boliden-Norzink process cost and environmental impacts, and the low amount of

mercury emitted from strip circuit units, Boliden-Norzink scrubbers are not representative of

NvMACT for EW circuits.

3.3.2.7.2 Activated Carbon Injection

Activated carbon injection is similar to activated carbon filters in that activated carbon particles

are used to adsorb mercury from the off-gas stream. In this process, the carbon particles are

injected directly into the off-gas stream to adsorb mercury. They are then collected in
downstream particulate controls, such as baghouses, wet scrubbers, or wet ESPs. Carbon

injection is typically used in the power plant industry, where particulate control technologies

have already been installed to clean fly-ash (and injected activated carbon) from the off-gas

stream.

This process has not been applied to existing strip circuit systems at precious metal mining
facilities in Nevada, and there is no basis for assessing its performance in such an application. In

addition, the control efficiency of carbon injection is typically lower than that of carbon filters.
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Therefore, the most appropriate activated carbon technology application for EW circuits is a

carbon adsorption filter.

3.3.2.1.3 Selenium Scrubber

Selenium scrubbers use selenium or a selenium compound within a scrubber to react with
elemental mercury in the off-gas to form mercuric selenide (HgSe). HgSe has a lower vapor

pressure than other common mercury compounds, which allows for mercury capture. The

HgSe is removed in a sludge separation circuit, which requires a thickener and HgSe

reclamation. Sulfuric acid, at concentrations between 10 and 60 percent, is used as the wash

solution for the process.

Selenium scrubbers are appropriate for gas streams with high mercury loading. The outlet

concentrations from this process are typically higher than the concentrations achieved from the

Boliden-Norzink process discussed in Section 3.3.2.1.1. Selenium scrubbers are not widely used

due to their low removal efficiency and expensive reagent and reclamation requirements.

Therefore, this option is not considered an effective mercury control method for EW circuits.

3.3.2.7.4 Selenium Filter

Selenium filters are similar to selenium scrubbers in that they use selenium to react with the

elemental mercury in the off-gas stream to form mercuric selenide. Selenium filters use a

selenium-impregnated porous carrier structure, housed in a cylindrical tower. The selenium

6lter's maximum operating temperahrre is approximatelv 250'F. The filters require a drv gas

stream because moisture tends to degrade the filter media. The typical filter's carrying capacity

is between 10 and 15 percent mercury by weight.

Selenium filters have been installed in only a few places in the world, and primarily in Sweden,

and no operating data from these applications are available. Selenium filters are expensive to

produce and to regenerate. There is no basis to believe that selenium filters would provide a

better alternative to activated carbon filters. In addition, there is some concern that the selenium

filters cause selenium air emissions. Therefore, this option is not considered an effective

mercury control method for EW circuits.

3.3.2.1.5 Baghouse

Baghouses, also called fabric filters, collect particulates by passing the off-gas through filters

where the particulates collect on the fabric surface. Baghouses control particulate mercury, but

they do not control gaseous elemental mercury (Booz et a1.2001). Therefore, this option is not

considered an effective mercury control method for strip circuit units where the primary form

of mercury emissions is elemental mercury.

3.3.2.2 Other Work Practices

All viable work practices for reducing mercury emissions have already been addressed in Part I

- Existing Similar Thermal Units. Thus, there are no other work practices, process changes, or
material substitutions that can be instituted to reduce mercury emissions from EW circuits.
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3.3.3 Part III - Proposed NvMACT
Per NAC t1458.3681.6. (a), the applicant must propose " standards, nrethods of control or otlrcr

limitations to be applied to the thernnl unit for the retluction of nrcrcury antissions that the npplicant

deems sulfcient for tlrc Director to detennine to he NuMACT for lhe tlrcnnal unit that en ts nrcrcury."

The NvMACT proposed in this section follows the criteria required by the Director pursuant to

NAC,145B.3683. All items considered in this NvMACT analysis are checked in the criteria list

provided below:

NAC 4458.3683 Reaiew of and action on application for new or modifed themnl unit tlnt emits

mercury.

8 Z.(a) Uafe a determination of NTtMACT for the tlrcrnml unit that emits nrcrcttry in uhich tlrc

Dircctor shall considar thc.follouting for cach thernnl unit that ernits nwcury:

('l) The nnximum degree of reduction of nrercury emissions that is achieuable for
the tlrcrnnl unit after considering:

(l) Thc cost of achiet'ing such a reduction; and

(lI) Consistent with sectiotr 1'12(d)(2) of the Act, any nonair quality health and

enpironnrcntal impacts and energy requirentents for each method or tecluology

to control nrcrcury eruissions from the thennal unit tlnt emits nrcrcury to

implanrcnt the NaMACT.

(2) The nrcasures that rcrluce the ztolume or elinrinate mercunl enrissions through

process chaflges, substitutiorr of nnterials or any otler nrodifcations.

(3) Tlrc enclosure of sVsten$ or processes to eliminate nrcrcury entissions.

x
x

(4) Tlrc collection, capturc or treatruent of nrcrcnry cntissiotts.

(5) The design, equipnrcnt, u)ork practice or operational standards of the thermal

unit that entits merutry, including, u,itlnut limitatiort, the requirentents for
training and certifcation of operators of tfu tlrcrnnl unit that cnrits mercury.

X (6) The dffirences in tle age, remaining operating life antl confgurations of

sinilar thermal units that emit mercury. Tlrc Director nny also cortsider tlc
differences in tlrc ancentration of ntercury in tlrc ore, size antl any other releuant

factors of the similu tfurnnl units tlnt enit nrcrcury.
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3.3.3.1 Proposed Controls and Work Practices

Based on the existing conkol technologies and work practices described in Part I and the

additional control technology options described in Part II, Goldcorp proposes the following

control equipment, work practices, and capture system as NvMACT for the proposed EW

circuit:

Control equipment:

. Carbon Bed (Two Stage)

Work practices:

o The lids on the EW cells will be closed durinS operation.

. The carbon bed will contain at least 5,500 pounds of sulfur-impregnated carbon in each

of the two stages of the bed (11,000 pounds total).

. The gas temperature entering the carbon bed will not exceed 200 degrees Fahrenheit ('F).

. The differential pressure (DP) across the carbon bed will not exceed 9 inches of water

column (in WC).

. The carbon in the carbon bed shall be monitored and replaced prior to exceeding 20

percent mercury by weight.

Capture system:

The exhaust stream from the EW circuit will be pulled through the control system by an exhaust

fan. The system will be designed so that all emissions from the EW circuit are captured and

ducted through the carbon bed.

A flow diagram of the proposed NvMACT mercury control system is provided in Figure 3-2.

Figure 3-2. Lone Tree Exhaust Gas Treatment
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The proposed EW circuit is designed to process up to 270 gallons of solution per minute (gpm).

In the proposed control system, the exhaust from the three EW cells will be ducted together and

conditioned with a mist eliminator to collect any entrained water droplets and a heater to

ensure that any moisture in the exhaust is above the dew point. AJter conditioning, the exhaust

will be pulled through a two-stage carbon bed to remove mercury.

The two-stage carbon bed will hold a total of 11,000 pounds of sulfur-impregnated carbon, with
5,500 pounds in each stage. The bed is designed for an exhaust flow rate of approximately 6,700

dry standard cubic feet per minute (dscfm) with a residence time of 3.3 seconds (Hatch 2026).

The loading capacity of the carbon is 20 percent mercury by weight.

Table 3-4 provides the carbon bed design analysis using NDEPs NvMACT Specific Case-by-

Case Worksheet for deep bed systems.

Table 3-4. Carbon Bed Design Analysis

As shown by Table 3-4, the volume of carbon is sufficient to provide adequate residence time
()1 second based on the dry standard flow rate) and the total weight of carbon is sufficient for

the expected mercury loading rate (mercury saturation is approximately 1.7 years). Based on

this analysis, the proposed EW circuit control systenr meets NvMACT.

3.3.3.2 Proposed Mercury Emission Limit
As shown in Table 3-1 of Section 3.3.1.1, the NvMACT mercury emission limits for existinS strip

circuit units range from the General Industry NvMACT limit of 5.0E-05 gr/dscf to the TUTD

interim limit of 5.0E-03 gr / dscf . Goldcorp proposes the General Industry NvMACT Limit of
5.0E-05 gr/dscf for the proposed EW circuit.

3.3.3.3 Cost of Conkols
The cost of the proposed EW circuit carbon bed was estimated in current dollars using technical

documents from the EPA Clean Air Technology Center. These documents provide the capital

Description lUnitl S]"mbol Equ.tioni

Volumc of bcd -167 \'ts VB=lt,lC/f D

Total quantity of carbon I l-000 lbs M(' Capacity ofcarbon bed

20 Scotia - I5o/; to 40%Carbon Hg capacity

-10 lbsrfil (D NDEP dcfault valucCarbon dcnsiry

Vclocity li rrrrn V = Q/SAh",r

Exhaust flow rateFlow ratc 6.700 DST'I]M a
0.1.1 lb hr Calculated based on gl{qo conlrolMcrcury loading

Rcsidcncc tinl(' t.3 T T<(MC/CDyQ)'60

Pressure drop rn ll:o \I' (Hatch 2026)

15,-121 sh Sh=MC+(CPi 100)r( l/L)Hg saturation (hours) hr

8,760 hr/yr IIYPermit hours per year

Hg saturation (years) t.75 )'r S, S, =Sr, HY
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costs, O&M costs, and annualized costs as functions of exhaust flow rate. Based on the exhaust

flow rate of 6,700 dscfm, the EW circuit estimated control costs are summarized in Table 3-5.

Table &5. Lone Tree EW Cells Conkol Costs

Control
Exhaust Flow

(dscfm)
Capital Cost

($)
O&M Cost

(V yrl
Annualized Cost

($/ vr)

Carbon Bcel 6,700 7U,700 not available not av.rilable

(EPA 1999)
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3.1 Introduction
Coldcorp DEE LLC (Goldcorp) proposes to install and operate a mercury retort (retort) at the

Lone Tree Mine (Lone Tree). Per Nevada Administrative Code (NAC) M58.3681..6, a Nevada

Maximum Achievable Control Technology (NvMACT) analysis is required for new thermal
units that emit mercury, as a part of a Mercury Operating Permit to Construct (MOPTC)

application. The NvMACT analysis provided herein addresses all the applicable requirements

of NAC ,1458.3681 .6.

3.2 Process Description
A retort holds trays or pans of wet precious metal bearing material collected from the

electrowinning circuit. In the retort, the wet precious metal bearing material is placed under a

vacuum and heated for several hours to dry the material and to volatilize its mercury content.

After retorting, the precious metal bearing material is mixed with fluxes and transferred to a

melt furnace to produce dor6 bars. The proposed retort at Lone Tree will be electrically heated

The retort exhaust stream will be routed through a condenser and carbon bed before being

released to the atmosphere. Sec Figure 3-1 for a process flow diagram.

Figure 3-1. Retort Process Flow Diagram
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3.3 NvMACT Analysis
3.3.1 Part I - Existing Similar Thermal Units

Part I of the NvMACT analysis provides a list of similar existing thermal units used for precious

metal refining and describes the controls and work practices used to reduce mercury emissions.

All information required by NAC 445B.3681, as described below, is provided herein:

NAC 4458.i68'I Neu, or modified thermal unit tlnt emits mercury: Contents of required application.

X 6.(b) Sets forth a list of similar thennal units that emit nterury thiclt are usetl for
precious netal mining tlnt includes, zoithout litnitation:

X (7) Any methods or teclmologies to control mercury enrissiorrs tLhich are

associated with the tlrcrnnl units tlnt entit nrcrcury;

(2) Tlrc larcl of mercury entissiorrs associated utith each nrcthod or technology to

control ruercury entissions from tlrc thernnl units tlnt en t nercury;

(3) Tle desigtt for each nrcthod or technology to control mercury entissions front
tle themtal units that emit mercury;

(4) Costs associated zoith reductiorts of nrcrurtl enrissiorts ns a result of eaclt

method or tecltnologv to cotltrol nrcrcury enissions from the tlrcrnal units tlmt

enit nrcrcury;

(5) Costs associatcd utith energy lor each natlnd or technolo1y to control

tne rcunl entissions fronr the tlrcnnnl units tlmt emit nrcrcury: and

(6) Consistent utith section 'l-12(d)(2) of the Act, any nonair quality healtlt and

enrironnrcrttal inrpacts and energy requirements for each nrcthotl or technology

to control nrercury enrissions front tlu thernnl units that enit nrercury.

3.3.1.1 Mercury Controls

The Nevada Mercury Control Program (NMCP) permits for existing retorts were downloaded

from the Nevada Division of Environmental Protection (NDEP) Public Document Search

website to obtain a list of the existing retort mercury controls. This information is summarized
in Table 3-1.

x

x

x
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As shown in Table 3-1, the mercury controls installed for retorts include condensers followed by

carbon adsorbers.

3.3.1.1.1 Condensers

As shown in Table 3-1, all the existing retorts employ a condenser as the primary mercury
control technology. For these retorts, the vaporized mercury in the retort exhaust stream passes

through a condenser, which cools the gas and causes the mercury to condense. The condensed

mercury is then bled from the condenser into a collection vessel. The species of mercury
collected from the condensers at precious metal mining, processing, and refining facilities in
Nevada is elemental.

The two most common types of condensers are surface and contact condensers. Surface

condensers cool Bas streams by circulating water (or other cooling medium) through an

enclosed water jacket surrounding the exhaust system or through a shell-and-tube tyPe heat

exchanger. Contact condensers cool gas streanrs by spraying cooled water into the gas stream.

The following correlation exists for both types of condensers: the colder the circulating water,

the colder the exhaust gas, and, for a constant inlet loading of mercury, the more efficient the

removal of mercury from the gas stream (EPA 2002).

3.3."1. |1.,2 Carbon Adsorption

Carbon adsorption filters use activated carbon particles to adsorb mercury from the gas stream.

Adsorption occurs when gas molecules are passed through a bed of solid particles (activated

carbon). The gas molecules migrate from the gas stream to the surface of the solids, where they

are held by physical attraction (EPA 2002). Carbon impregnated with elemental sulfur increases

the adsorption efficiency due to the sulfur-mercury reaction that forms mercury sulfide, a stable

mercury compound with a low vapor pressure (Booz et al. 2001).

Carbon filters control all types of mercury: particulate-bound, oxidized, and elemental. The

mercury in the gas stream is adsorbed to the carbon and collected as carbon loaded with
mercury. Once the carbon reaches adsorptive capacity, it is replaced, and the spent carbon is

reclaimed. The carbon filter's mercury content is monitored to ensure that the mercury loading

does not exceed the value recommended by the manufacturer. The tyPical carbon loading

capacity is approximately 20 percent (or more) mercury by weight (SION n.d.) (Klett et al.2002).

Carbon mercury loading can be monitored directly, or the mercury concentration in the exhaust

at the outlet of the carbon filter can be monitored to ensure the effectiveness of the carbon

adsorber.

Some factors that can affect carbon filter adsorption efficiency include residence time of the gas

in the carbon filter, carbon particle size, and exhaust stream moisture content. Longer residence

times and smaller carbon particle sizes increase the mercury removal efficiency of the carbon

filter (Booz et al. 2001). According to Scotia International of Nevada (SION), "Sonle nroisture in

the gas stream, and tlrcrefore h the carbon, catalyzes the nrcrcury renrottal reactiort. lt is anticipated that

as long as no free u'ater is being released from the carbon, the moisture nnxintwrt zt'ould be 457". Release

of moisture t'ronr the cnrbon, utould indicnte tlnt tlrc gas stream is contlensirg toithin the carbon, ulich
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has the potential to inhibit the merury remooal reaction. Tlrc carbon is deliaered u,ith a nominal

moisture of 5% (this aalue can aary by the ambient humidity of the area of usage)" (SION 2021).

In short, mercury removal may be inhibited when carbon is physically wet with water (where

moisfure exceeds 45 percent).

3,3.1.1.3 Work Practices

In addition to the controls listed in Table 3-1, most of the precious metal mining facilities in
Nevada incorporate several different work practices into their processes to reduce mercury

emissions. These work practices include inspecting the exhaust capture system, monitoring the

condenser temperature, and replacing the carbon prior to exceeding the recommended mercury

loading levels.

A retort is placed under a vacuum during heating, which ensures that 100 percent of the off-gas

is routed through the mercury control units on the retort. The mercury that is condensed in the

condenser is collected as a co-product. With surface condensers, the mercury is bled from the

system directly into a collection vessel. With contact condensers, the mercury is separated from

the process water with a mercury trap, where the mercury, which is heavier than water and

immiscible in water, settles to the bottom of the trap and is collected.

The condenser efficiency can be increased by circulating chilled water. The chilled circulating

water reduces the temperature of the off-gas and causes increased condensation of mercury

from the gas stream. This relationship is determined by the mercury saturation pressure curve,

which is shown in Figure 3-2.

Figure 3-2. Mercury Vapor Pressure Versus Temperature Curvel
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To ensure sufficient control efficiency by a carbon filter, the carbon filter media is replaced prior
to exceeding maximum mercury loading as recommended by the manufacturer. This can be

accomplished by:

. replacing the carbon on a schedule that ensures the recommended mercury loading is

not exceeded, based on worst<ase mercury loading data;

o monitoring the loading of mercury on the carbon directly by carbon analyses;

. monitoring the mercury levels in the exhaust from the carbon filter; or

. a combination of the above work/monitoring practices.

Due to the fact that retorting is itself a method to reduce or eliminate mercury emissions from
downstream processes (e.g., the melting furnace), there are no measures that reduce the volume

of mercury emissions from the retort through process changes or substitution of materials.

3.3.1.2 Mercury Emissions

NMCP permits for existing retorts were downloaded from the NDEP Public Document Search

website to obtain a list of the existing mercury emission limits. This information is summarized

in Table 3-1 of Section 3.3.1.1. The NvMACT emission limits range from the General Industry
NvMACT limit for retorts of 1.0E-04 grains per dry standard cubic foot (gr/dscQ to the True-

UplTrue-Down (TUTD) interim limit of 5.0E-03 grldscf (NDEP 2016).

NMCP compliance tests for existing retorts were downloaded from the NDEP Public Document

Search website to obtain the actual mercury emissions data for retorts utilizing NvMACT
controls. This information is summarized in Table 3-2 for years 2018 through 2025. As shown in

Table 3-2, all stack test results are below the TUTD interim limit of 5.0E-03 gr/dscf and many of

the stack test results are also below the General Industry NvMACT limit for retorts of 1.OE-M

gr / dscf.
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Table 32. Existing Similar Thermal Units: Compliance Test Results
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3.3.L.3 Mercury Control Costs

The cost of existing carbon filters and condensers listed in Table 3-,l. were estimated in current
dollars using technical documents from the EPA Clean Air Technology Center and economies

of scale (for the condenser). These documents provide the capital costs, operational and

maintenance (O&M) costs, and annualized costs as functions of exhaust flow rate. Based on the

exhaust flow rates listed in Table 3-1, 30 scfm is typical for the exhaust flow of a single retort.
The retort control costs for this typical flow rate are summarized in Table 3-3.

Table 3-3. Existing Similar Thermal Units: Control Costs

Control
Exhaust Flow

(scfm)
Capital Cost

($)
O&M Cost

(Vyr)
Annualized Cost

(Vyr)

Condenser 30 5,500 2,300 3,100

Carbon Filter 30 5,000 not availablc r.rot available

(EPA 2003cs) (EPA 1999) (M.A.Tribe, R.L.W.Alpine 1985)

scfm = standard cubic feet per minute; yr = yeat

3.3.1.4 Non-Air Quality Health and Environmental Impacts and Energy
Requirements

The main non-air-quality health and environmental impact caused by mercury control

technologies for retorts is the reclamation of the carbon loaded with mercury from carbon

filters. Once the carbon reaches adsorptive capacity, it is replaced with fresh carbon and the

loaded carbon is reclaimed. In addition, shipping the used carbon to a reclamation facility has

non-air-quality health, environmental, and energy impacts. Also, the use of condensers and

carbon filters would cause increased energy consunrption due to the additional fan and pump
power requirements and the energy required to cool the circulating water in the condenser.

3.3.2 Part II - Other Controls and/or Work Practices

Part II of the NvMACT analysis examines other controI options and/or work practices not
currently employed with the existing retorts described in Part I - Existing Similar Thermal

Units.

3.3.2.1 Other Mercury Control Options

In addition to the mercury control technologies employed with existing retorts, the following
mercury control options are examined below:

1. Boliden-Norzink Process

2. Activated Carbon Injection

3. Selenium Scrubber

4. Selenium Filter

5. Baghouse
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3.3.2.1.1 Boliden-Norzink Process

In the Boliden-Norzink process, a mercuric chloride (Hgcl:) solution reacts with elemental

mercury in the off-gas to form a mercurous chloride (HgCl) precipitate known as calomel,

which then settles and is recovered. This reaction occurs in a packed column. Once the solid is

removed, the wash solution can be recirculated. A portion of the precipitate can be used to

regenerate the mercuric chloride solution using chlorine gas (Booz et al. 2001). The rest of the

calomel is sent off-site for reclamation. The Boliden-Norzink process uses the following
reaction:

HgCl:r*r,r + Hgrs,q - 2HgClr..riar

Boliden-Norzink scrubbers are installed on the Nevada Gold Mines LLC - Goldstrike
(Goldstrike), Jerritt Canyon Gold, LLC (Jerritt Canyon), and Nevada Gold Mines LLC - Gold

Quarry Operations (Gold Quarry) roasters. These roasters volatilize large amounts of mercury

and in turn produce large amounts of mercury co-product in the form of calomel. The calomel

production at Coldstrike, Jerritt Canyon, and Cold Quarry averages 195,340 pounds, 7,640

pounds, and 9,120 pounds, respectively (Barrick 2018).

A Boliden-Norzink scrubber has not been applied to any existing retorts at precious metal

mining facilities in Nevada. There is no basis for assessing its performance in such an

application, given the dissimilarities between the retort (and its characteristic emission stream)

and the units/emission streams where Boliden-Norzink scrubbers have been applied. In
addition, this technology requires a significant capital investment and produces wastewater
(process water containing chloride ions) and solid waste (calomel). The capital costs of the

Boliden-Norzink scrubbers installed at Goldstrike and Gold Quarry are $4.7 million and $3.2

million, respectively (Barrick 2018).

Based on the Boliden-Norzink process cost and environmental impacts, and the low amount of
mercury emitted from retorts, Boliden-Norzink scrubbers are not representative of NvMACT
for retorts.

3.3.2.1..2 Activated Carbon Inj ection

Activated carbon injection is similar to activated carbon filters in that activated carbon particles

are used to adsorb mercury from the off-gas stream. In this process, the carbon particles are

iniected directly into the off-gas stream to adsorb mercury. They are then collected in
downstream particulate controls, such as baghouses, wet scrubbers, or wet ESPs. Carbon

injection is typically used in the power plant industry, where particulate control technologies

have already been installed to clean fly-ash (and injected achvated carbon) from the ofFgas

stream.

This process has not been applied to existing retorts at precious metal mining facilities in

Nevada, and there is no basis for assessing its performance in such an application. In addition,
the control efficiency of carbon iniection is typically lower than that of carbon filters. Therefore,
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the most appropriate activated carbon technology application for retorts is a carbon adsorption
filter.

3.3.2.7.3 Selenium Scrubber

Selenium scrubbers use selenium or a selenium compound within a scrubber to react with
elemental mercury in the off-gas to form mercuric selenide (HgSe). HgSe has a lower vapor
pressure than other common mercury compounds, which allows for mercury capture. The

HgSe is removed in a sludge separation circuit, which requires a thickener and HgSe

reclamation. Sulfuric acid, at concentrations between 10 and 60 percent, is used as the wash

solution for the process.

Selenium scrubbers are appropriate for gas streams with high mercury loading. The outlet
concentrations from this process are typically higher than the concentrations achieved from the

Boliden-Norzink process discussed in Section 3.3.2.1.1. Selenium scrubbers are not widely used

due to their low removal efficiency and expensive reagent and reclamation requirements.

Therefore, this option is not considered an effective mercury control method for retorts.

3.3.2.7.4 Selenium Filter

Selenium filters are similar to selenium scrubbers in that they use selenium to react with the

elemental mercury in the off-gas stream to form mercuric selenide. Selenium filters use a

selenium-impregnated porous carrier structure, housed in a cylindrical tower. The selenium

filter's maximum operating temperature is approximately 250"F. The filters require a drv gas

stream because moisture tends to degrade the filter media. The typical filter's carrving capacity

is between 10 and 15 percent mercury by weight.

Selenium filters have been installed in only a few places in the world, and primarily in Sweden,

and no operating data from these applications are available. Selenium filters are expensive to

produce and to regenerate. There is no basis to believe that selenium filters would provide a

better alternative to activated carbon filters. In addition, there is some concern that the selenium

filters cause selenium air emissions. Therefore, this option is not considered an effective

mercury control method for retorts.

3.3.2.7.5 Baghouse

Baghouses, also called fabric filters, collect particulates by passing the off-gas through filters
where the particulates collect on the fabric surface. Baghouses control particulate mercury, but
they do not control gaseous elemental mercury (Booz et al. 2001). Therefore, this option is not

considered an effective mercury control method for retorts where the primary form of mercury

emissions is elemental mercury.

3.3.2.2 Other Work Practices

All viable work practices for reducing mercury emissions have already been addressed in Part I

- Existing Similar Thermal Units. Thus, there are no other work practices, process changes, or
material substitutions that can be instituted to reduce mercury emissions from retorts.
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3.3.3 Part III - Proposed NvMACT
Per NAC tl45B.3 681,.6.(a), the applicant must propose " standards, ntethotls of control or otlrcr

limitations to be applied to tlv tlvrnnl unit for tht reductiotr of nercury emissions that the applicant

rleems sLrfficient for the Director to d.etermine to be NIMACT for the thermal unit tlnt enits mercury."

The NvMACT proposed in this section follows the criteria required by the Director pursuant to

NAC 4458.3683. All items considered in this NvMACT analysis are checked in the criteria list
provided below:

NAC /MSB.1583 Reoieu, of and action on application for nan or ntodifed thermal unit that emits

ntercury.

82.(U Uafe a determination of NaMACT for the tlrcrmal unit that emits mercury in which tle
Director slull consider tlrc followitrg for each tfurmal unit tlnt mtits mercury:

B (l) The maximum degree of reduction of mercury emissions that is achieaable for
the thermal unit after considerirg:

(l) The cost of achieaing such a reduction; and

(lI) Cottsistent utith section 112(d)(2) of the Act, any nonair quality health and

enuironnrental intpacts atrd encrgy requirenrents for eaclt metlod or technology

to control mercury emissions frotr thc thennal unit that emits nercury to
i ntpl em en t the Ntt MACT.

X (2) The measures tlnt reduce the oolunrc or elinrinate nrercury enrissiorts through

process clnnges, substitutiott of materials or any otlrcr modifcations.

(3) Tlrc enclosure of svsten$ or processes to eliminate mercury entissiotrs.

(4) The collectiott, caltture or lrfit tt,tl of nttratry enrissiorrs

(5) Tlrc dcsign, equipnrctt, trrk prnctice or operational standnrds of tlr tlrrnnl
unit tlmt entits nrcrcLt ry, including, zt itlnu t lintitatiort, tlte requiremertts for
training and certifcation of oltcra16vs 6f \hc thcnnal unit tlnt entits nrcrcurv.

X $) The differences in the age, rennining operating tife and confgurations of
similar tlennal urits tlnt emit nrcrcury. Tfu Director may also consider tlu
dilferences in tlrc concentration of ncrcury in the ore, size and any otfur relnant

factors of the similar thennal units that entit nrcrcury.

x
x
x
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3.3.3.1 Proposed Conkols and Work Practices

Based on the existing control technologies and work practices described in Part I and the

additional control technology options described in Part II, Goldcorp proposes the following
control equipment, work practices, and capture system as NvMACT for the proposed retort:

Control equipment:

o Condenser

. Carbon Bed

Work practices:

. During heating, the retort vacuum pressure will be maintained at or above 5 pounds per

square inch absolute (psia).

o The retort will automatically shut off via interlock if the retort vacuum pressure is less

than 5 psia.

. The exhaust temperature at the condenser outlet will be maintained at or below 85

degrees Fahrenheit ("F).

. The retort will automatically shut off via interlock if the condenser outlet exhaust

temperature exceeds 105'F.

. Condensed mercury from the condensers will be collected monthly.

o The carbon bed will contain at least 530 pounds of sulfur-impregnated carbon.

. The Bas temperature entering the carbon bed will not exceed 200'F.

. The differential pressure across the carbon bed will not exceed 9 inches of water column
(inWC).

. The carbon in the carbon bed shall be monitored and replaced prior to exceeding 20

percent mercury by weight.

Capture system:

The exhaust from the retort will be pulled through the control system by a vacuum pump. This

pump will create a negative pressure through the retort to ensure 100 percent capture of the

exhaust gas.

A flow diagram of the proposed NvMACT mercury control system is provided in Figure 3-3.

Appendix 3, Page 102



Figure 3-3. Lone Tree Exhaust Gas Treatment To Atmo?here
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The proposed retort will be designed to process 0.26 tons of precious metal bearing material per

batch. In the proposed control system, the exhaust from the retort first passes through a

condenser to cool the exhaust stream and condense elemental mercury. The condenser

circulating water is cooled by a chiller. The exhaust temperature exiting the condenser will be

maintained at or below 85'F. Following the condenser, the exhaust stream will pass throuBh a

carbon bed for final mercury removal.

The carbon bed will hold 530 pounds of sulfur-impregnated carbon. The bed is designed for an

exhaust flow rate of approximately 75 dry standard cubic feet per minute (dscfm) with a

residence time of 14.1 seconds (Hatch 2025). The loading capacity of the carbon is 20 percent

mercury by weight.

Table 3-4 provides the carbon bed design analysis using NDEP's NvMACT Specific Case-by-

Case Worksheet for deep bed systems.

Table 3-4. Carbon Bed Design Analysis

Symbol Equ.lionsDescriptioo IUnitl

rl' \.8 VB=MC,('DVolume of bed 17.7

5-r0 lbs NTC Capacity of carbon bedTotal quantity of carbon

Carbon Hg capacity :0 CP Scoria - 15% ro 4070

Carbon densiry -10 lbs ll1 CD NDEP dcfault value

V = Q/SAb"dVclocity Itrnrin

I)S('FM a Exhaust flow rateFlow ratc

0.008.1 lh'hr L
Calculatcd from saturatcd mercury

conccntration estimationMercury loading

Rcsidcncc tinlc l.r. t T T=((MC/CDyQ).60

(Hatch l0l5)Pressure drop 9 in H:O IP
t 2,E-16 hr S Sh=MCr(Cp,l00)*( I ,L)Hg saturation (hours)

E.760 hr 1r H'!'Permil hours per year

1.17 yr S, S,=Sr,'HYHg saluration (years)
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As shown by Table 3-4, the volume of carbon is sufficient to provide adequate residence time
(21 second based on the dry standard flow rate) and the total weight of carbon is sufficient for
the expected mercury loading rate (mercury saturation is approximately 1.5 years). Based on

this analysis, the proposed retort control system meets NvMACT.

3.3.3.2 Proposed Mercury Emission Limit
As shown in Table 3-1 of Section 3.3.1.1, the NvMACT mercury emission limits for existing

retorts range from the General Industry NvMACT limit of 1.0E-04 gr/dscf to the TUTD interim
limit of 5.0E-03 gr/dscf. Goldcorp proposes the General Industry NvMACT Limit of 1.0E-M

gr/dscf for the proposed retort.

3.3.3.3 Cost of Controls

The cost of the proposed retort condenser and carbon bed were estimated in current dollars

using technical documents from the EPA Clean Air Technology Center. These documents

provide the capital costs, O&M costs, and annualized costs as functions of exhaust flow rate.

Based on the exhaust flow rate of 75 dscfm, the estimated retort control costs are summarized in
Table 3-5.

Table 3-5. Lone Tree Retort Conkol Costs

Control
Exhaust Flow

(dscfm)
Capital Cost

($)
O&M Cost

(Vy')
Annualized Cost

$/yrl
Condenser 7i 13,800 5,700 7,800

Carbon Bed 71 12,600 not available not ar.ailable

(EPA 2003cs) (EPA 1999) (M.A.Tribe, R.L.W.Alpine 1985)
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3.0 NvMACT ANALYSIS. FURNACE

3.1 Inhoduction
Goldcorp DEE LLC (Goldcorp) proposes to install and operate a melt furnace (furnace) at the

Lone Tree Mine (Lone Tree). Per Nevada Administrative Code (NAC) M58.3681.6, a Nevada

Maximum Achievable Control Technology (NvMACT) analysis is required for new thermal

units that emit mercury, as a part of a Mercury Operating Permit to Construct (MOI'|C)
application. The NvMACT analysis provided herein addresses all the applicable requirements

of NAC 4458.3681.6.

3.2 Process Description
As part of the refining process, retorted precious metal bearing material is mixed with fluxes

and fed to the furnace for melting into dor€ bars. Impurities from the melt are skimmed off as

slag. The proposed furnace at Lone Tree will be electrically heated. The exhaust stream from the

furnace will be ducted tfuough a baghouse, then through a carbon bed, before being released

into the atmosphere. A process flow diagram is provided in Figure 3-1.

Figure 3-1. Furnace Process Flow Diagram

-

I
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3.3 NvMACT Analysis
3.3.1 Part I - Existing Similar Thermal Units
Part I of the NvMACT analysis provides a list of similar existing thermal units used for precious

metal refining and describes the controls and work practices used to reduce mercury emissions.

Al[ information required by NAC 4458.3681, as described below, is provided herein:

NAC 4458.3581 Nc;.o ttr nttulif.ed thermal unit that emits nrcrcury: Conterts Ltf required nltplication

6.(b) Sets forth a list of similar thermal units that enit mercury zohich are used for
precious metal ntiring that includes, witltout limitation:

x (L) Any ntethods or technologies to control mercury emissions rltich are

associated uith the themnl units that emit mercury;

(2) Tlrc lavl of nrcrcury entissions associated uith each nrethod or technology to

control nrcrcury emissions front the thermal Ltnits tlnt entit nrcrcury;

(3) The design for eaclt ntetlnd or technology to control mercury enissions fronr
tlrc tlrcnnal units that emit nrcrcury;

(4) Costs associated with reductions of nrcrcury emissions as a result of each

me tlwd or teclmology to control nrcrcury emissions from the thernnl units that

enrit nrcrcury;

(5) Cosfs associafed uith energy for each nrcthoLl or tcchnology to cotttrol

mtrcury enrissiorts lrom the tlrcnral units that unil trcrnry; and

(6) Consistent utith section 1"-12(d)(2) of the Act, any nonair qunlity lrcalth and

enttironnrcntal intpacts and energy requirenrcnts for each nrcthod or technologv

to cantrol nrercury emissiorts from tfu thernal units that emit nrrcury.

3.3.1.1. Mercury Controls

The Nevada Mercury Control Program (NMCP) permits for existing furnaces were downloaded

from the Nevada Division of Environmental Protection (NDEP) Public Document Search

website to obtain a list of the existing furnace mercury controls- This information is sumnrarized

in Table 3-1.
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As shown in Table 3-1, the mercury controls installed for furnaces include baghouses, wet
scrubbers, and/or wet electrostatic precipitators (ESPs) upstream of carbon filters.

3.3.1.1.1 Baghouse

Baghouses, also called fabric filters, have at least one isolated compartment that contains rows

of fabric bags. Typicalty, the exhaust flows up along the surface of the bags, then flows radially
through the fabric (EPA 2002). The particles in the gas stream collect on the upstream face of the

bags. The layer of dust that collects on the fabric surface increases the particulate control
efficiency of the bags because the dust forms a barrier with tortuous pores that trap particles as

they travel through the dust layer (EPA 2002). Baghouses can handle exhaust temperatures up
to approximately 500"F (EPA 2002).

Baghouses are cleaned periodically to remove the accumulated dust. Several cleaning

mechanisms may be used to remove caked particles from the bags. The four most common are

shaking, reverse-air, pulse-jet, and sonic. Baghouses installed on furnaces most commonly use

the pulse-jet cleaning method, which uses a high-pressure jet of air (compressed-air-induced

pulse) to remove dust from the bag (NCSU 1995). A diagram of a typical pulse-jet baghouse is

provided in Figure 3-2.

Figure $2.Typical Pulse-Jet Baghouse

Blow papGE w[h noElos
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Off-gas is either pushed or pulled through the baghouse by a fan. When the gas is pushed

through the baghouse, the collector is called a positive pressure baghouse. When the fan is

downstream of the baghouse, the gas is pulled through the baghouse and the collector is called

a negative pressure baghouse (NCSU 1995).

t 1
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As the gas passes through the baghouse, there is a drop in pressure. Monitoring pressure drop
provides a means of detecting changes in the operation of the baghouse that could lead to

increased emissions. A pressure drop change can indicate insufficient cleaning cycles, damaged

cleaning equipment, bag blinding, broken or loose bags, or sudden airflow changes.

An important design parameter for baghouses is the air-to-cloth ratio, which is the cubic feet

per minute of gas penetrating one square foot of fabric (EPA 2002). Air-to<loth ratios differ
depending on baghouse type; however, in general, lower air-to-cloth ratios result in higher

control efficiencies (NCSU 1995). Baghouses control particulate mercury, but they do not control

elemental or oxidized mercury.

()
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3.3.7."1..2 Wet Scrubber

Common types of wet scrubbers include venturi, spray tower, and impingement plate wet

scrubbers. These wet scrubbers are shown in Figure 3-3.

Figure 3-3. Typical Rectangular Throat Venturi Scrubber, Spray Tower Scrubber, and Plate
Tower Scrubberl

Wet scrubbers control particulates, including particulate mercury, through impaction, diffusion,
interception, and/or adsorption of the pollutant onto droplets of liquid (EPA 2002). Wet

scrubbers may control oxidized mercury (Rong Yan, et al. 2004), as this form of mercury is

soluble in the scrubber water, as well as elemental mercury if the scrubber's exhaust

temperature is below the mercury saturation temperature. However, for furnace exhausts, the

concentration of mercury in the exhaust stream is too low for mercury condensation. See Section

3.3.2.1.5 for additional discussion regarding condensers for furnaces.



Venturi scrubbers use a converging-then-diverging flow channel, in which the cross-sectional

area of the channel decreases, then increases, along the length of the channe[. The narrowest

area is called the tfuoat. As the exhaust gas enters the venturi scrubber, the decrease in area

causes the gas velocity and turbulence to increase. The scrubbing water is iniected either slightly
upstream of or directly into the throat. As the scrubbing solution is injected, the turbulence in
the throat causes it to atomize, improving gas-liquid contact (EPA 2002). After passing through

the throat, the gas-liquid mixture decelerates and causes additional particle-droplet impacts and

droplet agglomeration. Before the gas exits the scrubber, the liquid droplets are separated from

the gas in an enkainment section (EPA 2002).

As the gas passes through the venturi scrubber, there is a drop in pressure. For venturi
scrubbers in general, the greater the pressure drop, the higher the particulate control efficiency.

The liquid-to-gas ratio also affects venturi scrubber efficiency. Sufficient liquid must be injected

into the scrubber to allow for coverage over the throat area and to create sufficient collection

targets. After an optimal point, adding excess liquid to a scrubber does not increase the

particulate control efficiency. The liquid-to-gas ratio for wet scrubbers typically ranges from 4 to

20 gallons per 1,000 actual cubic feet (NCSU 1998b).

Spray tower wet scrubbers are constructed very simply, consisting of empty cylindrical vessels

made of steel or plastic and nozzles that spray liquid into the vessels. As shown in Figure 3-3,

the exhaust stream enters at the bottom and flows upward, while liquid is sprayed downward
from one or more levels (NCSU 1998b).

An impingement plate wet scrubber is a vertical column with one or more plates (trays)

mounted horizontally inside. As shown in Figure 3-3, the exhaust stream enters at the bottom

and flows upward, passing through openings in the plates. Liquid enters at the top of the tower,

traveling across each plate to a downcomer, through which it reaches either the next plate

below or the bottom of the tower. Pollutant collection occurs on each plate as the gas stream

contacts and then atomizes the liquid flowing over each plate. Plate towers are very effective in
removing gaseous pollutants (if soluble in the scrubbing solution) and can be used

simultaneously for particle removal (NCSU 1998b).

3.3.L.1.3 Wet Electrostatic Precipitator

Wet ESPs use electrostatic charges to move particulates from a gas stream onto a collection

surface. Electrodes maintained at a high voltage create the electric field. For typical wet ESPs,

voltages are in the range of 20,000 to 100,000 volts (EPA 2002). Wet ESPs are operated at the

highest voltage possible without excessive sparking.

Wash water is used to clean the particulates from the collection plates (Booz et al. 2001). Wet

ESPs are designed for saturated gas streams and have a maximum operating temperature of 170

to 190'F. Wet ESPs effectively control particulates, including particulate mercury; however, they

do not effectively control gaseous oxidized or elemental mercury (Booz et aI.2001). A diagram

of a typical flat-plate modular wet ESP is provided as Figure 3-1.
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Figure 34. Typical FlaFPlate Modular Wet ESP2

[r

3.3.1.1.4 Carbon Adsorption

Carbon adsorption filters use activated carbon particles to adsorb mercury from the gas skeam.

Adsorption occurs when gas molecules are passed through a bed of solid particles (activated

carbon). The gas molecules migrate from the gas stream to the surface of the solids, where they

are held by physical attraction (EPA 2002). Carbon impregnated with elemental sulfur increases

the adsorption efficiency due to the sulfur-mercury reaction that forms mercury sulfide, a stable

mercury compound with a low vapor pressure (Booz et al. 2001).

Carbon filters control all types of mercury: particulate-bound, oxidized, and elemental. The

mercury in the gas stream is adsorbed to the carbon and collected as carbon loaded with
mercury. Once the carbon reaches adsorptive capacity, it is replaced, and the spent carbon is

reclaimed. The carbon filter's mercury content is monitored to ensure that the mercury loading

does not exceed the value recommended by the manufacturer. The typical carbon loading

capacity is approximately 20 percent (or more) mercury by weight (SION n.d.) (Klett et al.2002).

Carbon mercury loading can be monitored directly, or the mercury concentration in the exhaust

at the outlet of the carbon filter can be monitored to ensure the effectiveness of the carbon

adsorber.

Some factors that can affect carbon filter adsorption elficiency include residence time of the gas

in the carbon filter, carbon particle size, and exhaust stream moisture content. Longer residence

times and smaller carbon particle sizes increase the mercury removal efficiency of the carbon

filter (Booz et al. 2001). According to Scotia Intemational of Nevada (SION), "Sorre moisture in

tlrc gas stream, and therefore in tlu carbon, catalyzes the merarry remm,al reaction. It is anticipated that

as long as no free utater is being released from the carbon, the moisture maximum would be 45%. Release

of moisture ftom tfu carbon, would irrdicate that the gas stream is condensing utitlin the carbon, ultich

has the potential to inhibit the ntercury remoz,al reaction. The carbon is delioeretl with a nominal

moisture of 5% (tltis ttalue can aary by the ambient humidity of the area of usage)" (SION 2021).

2 lucsu rsssul

Appendix 3, Page 115

_ff



In short, mercury removal may be inhibited when carbon is physically wet with water (where

moisture exceeds 45 percent).

3.3.1.1.5 Work Practices

In addition to the controls listed in Table 3-1, most of the precious metal mining facilities in
Nevada incorporate several different work practices into their procesges to reduce mercury

emissions. These work practices include inspecting the exhaust capture system, retorting
material prior to processing in the furnace, and replacing the carbon prior to exceeding the

recommended mercury loading levels.

The exhaust from the furnace must be captured and conveyed to the control system and then to

a stack before being released into the atmosphere. The equipment for the ventilation system

consists of hoods, ductwork, fans, and a stack. The hoods and ductwork are inspected

periodically to ensure proper emissions capture.

Retorting the precious metal bearing material prior to furnace melting can significantly reduce

mercury emissions from the furnace. This work practice is currently being employed at most

mines in Nevada.

To ensure sufficient control efficiency by a carbon filter, the carbon filter media is replaced prior
to exceeding maximum mercury loading as recommended by the manufacturer. This can be

accomplished by:

. replacing the carbon on a schedule that ensures the recommended mercury loading is

not exceeded, based on worst-case mercury loading data;

o monitoring the loading of mercury on the carbon directly by carbon analyses;

. monitoring the mercury levels in the exhaust from the carbon filter; or

o a combination of the above work/ monitoring practices.

3.3.1..2 Mercury Emissions

NMCP permits for existing furnaces were downloaded from the NDEP Public Document Search

website to obtain a list of the existing mercury emission limits. This information is summarized

in Table 3-1 of Section 3.3.1.1. The NvMACT emission limits range from the Ceneral Industry

NvMACT limit for furnaces of 1.0E-05 grains per dry standard cubic foot (gr/dscf) to the True-

UplTrue-Don n (TUTD) interim limit of 5.0E-03 grldscf (NDEP 2016).

NMCP compliance tests for existing fumaces were downloaded from the NDEP Public

Document Search website to obtain the actual mercury emissions data for furnaces utilizinB
NvMACT controls. This information is summarized in Table 3-2 for years 2018 through 2025. As

shown in Table 3-2, all stack test results are below the TUTD interim limit of 5.0E-03 gr/dscf
and many of the stack test results are also below the General Industry NvMACT limit for

furnaces of 1.0E-05 gr/dscf.
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3.3.1.3 Mercury Control Costs

The cost of existing furnace baghouses, wet scrubbers, wet ESPs, and carbon filters listed in
Table 3-1 were estimated in current dollars using technical documents from the EPA Clean Air
Technology Center. These documents provide the capital costs, operational and maintenance

(O&M) costs, and annualized costs as functions of exhaust flow rate. Based on the exhaust flow

rates listed in Table 3-1, the estimated furnace control costs are summarized in Table 3-3.

Table 3-3. Existing Similar Thermal Units: Control Costs

Control
Exhaust Flow

(scfm)
Capital Cost

($1,ooo)
O&M Cost
($1,000/ yr)

Annualized Cost
($1,000/ Yr)

Baghouse 1,071 to 16,000 31 to 458 2t3 to 415 43 to 644

Venturi Wet Scrubber 2,000 to 10,700 42 to 225 223 to 1,797 356 to 1,903

ESI' 9,600 516 'lrJ I

Carbon Filter 1,071 to 16,000 113 to 1,683 not available not available

(EPA 2003bh) (EPA 2003vs) (EPA 2003es) (EPA 1999)

scfm = dry standard cubic feet per minute; yr = year

3.3.1.4 Non-Air Quality Health and Environmental Impacts and Energy
Requirements

The main non-air quality health and environmental impact caused by mercury control

technologies for furnaces is the reclamation of carbon loaded with mercury from carbon filters

Once the carbon reaches adsorptive capacity, it is replaced with fresh carbon and the loaded

carbon is reclaimed. Reclaiming the used carbon at a reclamation facility has non-air quality
health, environmental, and energy impacts.

Carbon filters, baghouses, wet scrubbers, and wet ESPs require increased energy consumption

due to the use of exhaust fans, water pumps, and the power requirements of ESPs. Wet

scrubbers and wet ESPs use water as a scrubbing solution or to clean the collection plates and

the discharge of this water has environmental impacts.

3.3.2Paft II - Other Controls and/or Work Practices

Part II of the NvMACT analysis examines other control options and/or work practices not

currently employed with the existing fumaces described in Part I - Existing Similar Thermal

Units.

3.3.2.1 Other Mercury Control Options

In addition to the mercury control technologies employed with existing furnaces, the following

mercury control options are examined below:

1. Boliden-NorzinkProcess

2. Activated Carbon Injection
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3. Selenium Scrubber

4. Selenium Filter

5. Condenser

3.3.2.1.1 Boliden-Norzink Process

In the Boliden-Norzink process, a mercuric chloride (HgCl:) solution reacts with elemental

mercury in the off-gas to form a mercurous chloride (HgCl) precipitate known as calomel,

which then settles and is recovered. This reaction occurs in a packed column. Once the solid is
removed, the wash solution can be recirculated. A portion of the precipitate can be used to

regenerate the mercuric chloride solution using chlorine gas (Booz et al. 2001). The rest of the

calomel is sent off-site for reclamation. The Boliden-Norzink process uses the following
reaction:

HgClzl'a'"y + HBrg*r --- 2HgClr",riat

Boliden-Norzink scrubbers are installed on the Nevada Gold Mines LLC - Goldstrike
(Goldstrike), Jerritt Canyon Gold, LLC flerritt Canyon), and Nevada Gold Mines LLC - Cold

Quarry Operations (Gold Quarry) roasters. These roasters volatize large amounts of mercury

and in turn produce large amounts of mercury co-product in the form of calomel. The calomel

production at Goldstrike, Jerritt Canyon, and Gold Quarry averages 195,340 pounds, 7,640

pounds, and 9,120 pounds, respectively (Barrick 2018).

A Boliden-Norzink scrubber has not been applied to any existing furnace at precious metal

mining facilities in Nevada. There is no basis for assessing its performance in such an

application, given the dissimilarities between the furnace (and its characteristic emission

stream) and the units/emission streams where Boliden-Norzink scrubbers have been applied.

In addition, this technology requires a significant capital investment and produces wastewater
(process water containinB chloride ions) and solid waste (calomel). The capital costs of the

Boliden-Norzink scrubbers installed at Goldstrike and Cold Quarry are $4.7 million and $3.2

million, respectively (Barrick 2018).

Based on the Boliden-Norzink process cost and environmental impacts, and the low amount of
mercury emitted from furnaces, Boliden-Norzink scrubbers are not representative of NvMACT
for furnaces.

3.3.2,1,2 Activated Carbon Ini ection

Activated carbon injection is similar to activated carbon filters in that activated carbon particles

are used to adsorb mercury from the off-gas stream. In this process, the carbon particles are

iniected directly into the off-gas stream to adsorb mercury. They are then collected in
downstream particulate controls, such as baghouses, wet scrubbers, or wet ESPs. Carbon

injection is typically used in the power plant industry, where particulate control technologies

have already been installed to clean fly-ash (and injected activated carbon) from the off-gas

stream.
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3.3.2.1.3 Selenium Scrubber

Selenium scrubbers use selenium or a selenium compound within a scrubber to react with
elemental mercury in the off-gas to form mercuric selenide (HgSe). HgSe has a lower vapor

pressure than other common mercury compounds, which allows for mercury capture. The

HgSe is removed in a sludge separation circuit, which requires a thickener and HgSe

reclamation. Sulfuric acid, at concentrations between 10 and 60 percent, is used as the wash

solution for the process.

Selenium scrubbers are appropriate for gas streams with high mercury loading. The outlet

concentrations from this process are typically higher than the concentrations achieved from the

Boliden-Norzink process discussed in Section 3.3.2.1.1. Selenium scrubbers are not widely used

due to their low removal efficiency and expensive reagent and reclamation requirements,

Therefore, this option is not considered an effective mercury control method for furnaces.

3.3.2.1..4 Selenium Filter

Seleniun.r filters are similar to selenium scrubbers in that they use selenium to react with the

elemental mercury in the off-gas stream to form mercuric selenide. Selenium filters use a

selenium-impregnated porous carrier structure, housed in a cylindrical tower. The selenium

filter's maximum operating temperature is approximately 250'F. The filters require a dry gas

stream because moisture tends to degrade the filter media. The typical filter's carrying capacity

is between 10 and 15 percent mercury by weight.

Selenium filters have been installed in only a few places in the world, and primarily in Sweden,

and no operating data from these applications are available. Selenium filters are expensive to

produce and to regenerate. There is no basis to believe that selenium filters would provide a

better alternative to activated carbon filters. In addition, there is some concern that the selenium

filters cause selenium air emissions. Therefore, this option is not considered an effective

mercury control method for furnaces.

3.3.2.1.5 Condenser

Condensers control mercury by cooling a gas stream containing mercury vapor below the

mercury vapor saturation point. When the gas temperatures fall below the saturation point,

mercury condensation occurs. Chilled water is circulated through the condenser to achieve

lower gas skeam temperatures. The required condensation temperature is determined by the

mercury saturation pressure curve shown in Figure 3-5. The condensed mercurv is collected as

a co-product.
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This process has not been applied to existing furnaces at precious metal mining facilities in
Nevada, and there is no basis for assessing its performance in such an application. In addition,

the control efficiency of carbon injection is typically lower than that of carbon filters. Therefore,

the most appropriate activated carbon technology application for furnaces is a carbon

adsorption filter.



Figure 3-5. Mercury Saturation Pressure Curve3
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The two most common types of condensers are surface and contact condensers. Surface
condensers cool gas streams by circulating water (or other cooling medium) through an

enclosed water iacket surrounding the exhaust system or through a shell-and-tube type heat
exchanger. Contact condensers cool gas streams by spraying cooled water into the gas stream.

The following correlation exists for both types of condensers: the colder the circulating water,
the colder the exhaust gas, and, for a constant inlet loading of mercury, the more efficient the
removal of mercury from the gas stream (EPA 2002). Given the low concentration of mercury in
furnace exhaust, condensers are not a viable NvMACT control option for furnaces.

3.3.2.2 Other Work Practices

All viable work practices for reducing mercury emissions have already been addressed in Part I

- Existing Similar Thermal Units. Thus, there are no other work practices, process changes, or
material substitutions that can be instituted to reduce mercun, emissions from fumaces.

3.3.3 Part III - Proposed NvMACT
Per NAC t145B.3681.6.(a), the applicant must propose " standards, nretlnds of control or other

limitations to be appl{ed to tlrc thermal unit for the reduction of ntercury enissions tlnt the applicant

deems sulfcient for the Director to determine tobe NI,MACT for the tfurnml unit tlnt emits nterutry."

30 35 rr0 a5 50 55 60 65 70

3 (faylor and Francis Group 2005)

Appendix 3, Page 124



The NvMACT proposed in this section follows the criteria required by the Director pursuant to
NAC 4458.3683. All items considered in this NvMACT analysis are checked in the criteria list
provided below:

NAC 4458.i68i Reuia o of and action on application for neut or ntod.ifed thermal unit that ernits

mercury.

82.@) tv'take a determination of NaMACT for the thermal unit that emits mercury in which the

Director slnll consider the follauting for each thermal unit tlnt emits mercury:

X 0) The maximum degree of reduction of nrcrcury emissiotrs that is achieuable for
the themnl unit after considering:

(l) Tlrc cost of achiet'irtg such a reduction; and

(ll) Consistent uith section '112(d)(2) of the Act, any nonair quality health and

ent ironntental impacts and energy requirements for each ntethod or technologv

to control mercury emissions from the thernral unit tlfit entits nrcrcury to

implement the NIIMACT.

(2) Tlrc measures that reduce tlrc ttolwne or elininate mercury entissions through

process clnnges, substitution of materials or any otlrcr ntodifcatiotrs.

(j) The enclosure of systems or processes to eliminate ntercury enrissions.

(4) Tle collectiort, capture or treatnv,tt of mercury emissiotts.

(5) The design, equipnrent, work practice or operational standnrds of the tlurnml

urrit tlnt enrits nrcrcury, includittg, utithout limitation, tfu requirenrcnts t'or
training and certif cation of operators of the tlrcnnal unit tlnt emits nrcrcury.

X $) T'le differences in the age, remaining operating life and corrfgurations of
similar tlunnal units tlwt emit mercury.'I'he Director nny also consider the

dilferences in the concentration of nercury in the ore, size and any other releuant

factors of the sintilar tlrcrmal units tlnt emit mercury.

3.3.3.1 Proposed Controls and Work Practices

Based on the existing control technologies and work practices described in Part I and the

additional control technology options described in Part II, Goldcorp proposes the following
control equipment, work practices, and capture system as NvMACT for the proposed fumace:

Control equipment:

o Baghouse

. Carbon Bed

x
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Work practices:

o The fumace will process only retorted precious metal bearing material.

o The differential pressure (DP) across the baghouse shall be maintained between 1.8 and

9.5 inches of water column (in. W.C.).

o The carbon bed will contain at least 6,200 pounds of sulfur-impregnated carbon.

o The gas temperature entering the carbon bed will not exceed 200 degrees Fahrenheit

fF).

. The differential pressure across the carbon bed will not exceed 12 in. W.C.

. The carbon in the carbon bed shall be monitored and replaced prior to exceeding 20

percent mercury by weight.

Capture System:

The exhaust from the fumace will be pulled tfuough the control system by an exhaust fan. The

system will be designed so that all emissions from the fumace are captured and ducted through

the baghouse and carbon filter.

A flow diagram of the proposed NvMACT mercury control system is provided in Figure 3-6.

Figure 3{. Lone Tree Exhaust Gas Treatment

U

Sl.l tr' lt (

2@.f
2.3u d..ln,

-'-

The proposed furnace at Lone Tree will be designed to process 0.26 tons of retorted precious

metal bearing material per batch. In the proposed control system, the exhaust from the furnace

will be ducted to a baghouse for particulate removal. A carbon bed will be installed

downstream of the baghouse to control mercury emissions.

The carbon bed will hold 6,200 pounds of sulfur-impregnated carbon. The bed is designed for
an exhaust flow rate of approximately 2,300 dry standard cubic feet per minute (dscfm) with a
residence time of 5.4 seconds (Hatch 2025). The loading capacity of the carbon is 20 percent

mercury by weight.
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lUritl Symbol EqustionsDescription

201 Vts VB:MC/Ct)Volume ofbed

6.200 lbs t\tc Capacity ol carbon bedTotal quantir)" of carbon

Scotia - l5olo to 40?;Carbon Hg capacir-'" 20 CP

CD NDEP delault !alueCarbon densilt. -i0 lbs/ftr

tvrn in V : Q/SAr.aVclociN

a Exhaust tlow ratcFlo$ rate 2.300 DSCFM

Calculated based on 9890 controlMercuI loading 0.010 lh/hr

5.1 scc 1' T=(MC/CD)/Q)*60Rcsidcnce tinle

t2 in Il:O IP (llatch 2025)Pressure drop

125,797 hr SI sh=MC*(cP/l 00)*( l/'L)llg saturalion (hours)

}IYPcmrit hours per year It,760 hr/vr

S, S1=Sh/HYllg saluration ()'ears) 1,t.36

Table 3-4 provides the carbon bed design analysis using NDEPs NvMACT Specific Case-by-

Case Worksheet for deep bed systems.

Table 34. Carbon Bed Design Analysis

As shown by Table 3-4, the volume of carbon is sufficient to provide adequate residence time

(21 second based on the dry standard flow rate) and the total weight of carbon is sufficient for

the expected mercury loading rate (mercury saturation is approximately 14 years). Based on this

analysis, the proposed furnace control system meets NvMACT.

3.3.3.2 Proposed Mercury Emission Limit
As shown in Table 3-1 of Section 3.3.1.1, the NvMACT mercury emission limits for existing gold

furnaces range from the General Industry limit of 1.0E-05 gr/dscf to the TUTD interim limit of

5.0E-03 gr/dscf. Coldcorp is proposing to conduct TUTD testing to establish the final NvMACT

mercury emission limit for the furnace. During the TUTD testing period, Goldcorp is proposing

the NvMACT interim mercury emission limit of 5.0E-03 gr / dscf .

3.3.3.3 Cost of Controls

The costs of the proposed furnace baghouse and carbon filter were estimated in current dollars

using technical documents from the EPA Clean Air Technology Center. These documents

provide the capital costs, O&M costs, and annualized costs as functions of exhaust flow rate.

Based on the exhaust flow rate of 2,300 dscfm, the estimated control costs are summarized in
Table 3-5.

Table 3-5. Lone Tree Furnace Control Costs

Control
Exhaust Flow

(dscfm)
Capital Cost

($1,ooo)
O&M Cost
($1,ooo7 y4

Annualized Cost
($1,000/ Yr)

Baghouse 2,300 66 60 93

Carbon Bed not available not available

(EPA 2003bh) (EPA 199e)
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Appendix 4

Request for de minimis
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Thermal Mercury Emitting Unit
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Appendix 5

APPLICATION
CERTIFICATION

The responsible official must sign and date the application certification found in Appendix 5. /rie
applicalion is signed b1, a person olhet lhon lhe resporrsible olliciol, ts defined in N.4C 115 B.l 56, lhe
applicotion will be relurned as incomplele.

Note:
l.

2.
3.

4.

According to NAC 4458.156, Responsible Official means:
For a corporation:
(a) A president;
(b) A vice president in charge ofa principal business functionl
(c) A secretary;
(d) A treasurer: or
(e) An authorized representative ofsuch a person who is responsible for the overall operation of

the facility and who is designated in writing by the officer ofthe corporation and approved in
advance by the director.

For a parlnership or sole proprietorship: a general partner or the proprielor, respectivell.
For a municipalit_v or a state, federal or other public agencl': a ranking elected official or a principal

executive olficer, including, for a federal agency. a chiefexecutive officer rvho has

responsibilir."- for the overall operations ofa principal geographic unit ofthe agency.
For an affected source: the designated representative or his alternate. as defined in 42 U.S. C. $
7651 a (26).



PLEASE NOTE THE FOLLOWIIT.G REQUIREMEN.TS WHICH APPLY TO PERMIT
APPLICANTS DURING THE APPLICATION PROCESS:

A. A pemrit applicant must submit supplementary facts or corrected information upon
didcoverl fNec +qss.zsz.I(b)1. '

B. A oermit aonlicant is reouired to nrovide anv additional information which the Director
re<iuests in'irriting uithih rhe timb specified in the Director's request INAC
4458.197.l(c)1.

C. Submission of fraudulent data or other information may result in prosecution for an
alleged criminal offense (NRS 4458.170).

CERTIFICATION: I certify that, based on information and belief formed after reasonable
inquiry, the statements contained in this application are true, accurate and complete.

b
Signature of Responsible Official

Mark Miller, VP, Environmental & Permitting
Print or Type Namc and Title

o3i osl zozt1l
Date
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