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Summary:

A design hazard review (DHR) was conducted at the Research Triangle Institute (RTI) Research
Triangle Park, North Carolina, from July 31, 2000 through August 8, 2000.

The review was conducted using piping and instrumentation drawings (P&ID) for two process
test units at various stages of modifications. The slipstream test units designed by RTI consist of
a direct sulfur recovery process (DSRP) pilot test unit and an advanced hot gas process (AHGP)
bench test unit. The process test units were redesigned for field slipstream testing to be
integrated with the operation of the Kellogg Brown & Root (KBR) gasification test unit located
at the Southern Company Services (SCS) power system development facility (PSDF) in
Wilsonville, Alabama.

For reference, an overview of the two hot-gas desulfurization processes is.described in Appendix
A. The development of these processes are being directed and sponsored by the U.S.
Department of Energy (DOE), National Energy Technology Laboratory, Morgantown, West
Virginia.

This report summarizes the results of DHR and includes the following reference documents:

e DHR Work Sheets - Appendix I
e Reference P&IDs - Appendix 1T
e Process Description - Appendix A
1 C-8



Meeting Objectives and Review Documents: :

The objectives, assumptions, and constraints for the review sessions are identified in Table L.
The P&IDs developed by RTI for the DSRP Pilot test unit and AHGP bench units were the
primary review documents. Table II lists the P&IDs subjected to the review. Other reference
documents were required in support of review and these are listed in Table III.
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TABLE I - MEETING OUTLINE

Meeting Objectives:

o Identify safety and operability hazards during the review of P&IDs and team
discussions and develop recommendations for project implementation.

e Develop recommendations for any identified deviations that could significantly affect
operability. :

Assumptions:
e Designis finalized and necessary design reviews have been completed.
Constraints:

e Review team will refrain from redesign efforts at the meetmg and will limit
discussions to meet the review meeting objectives.
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TABLE II - REVIEW DRAWINGS

Drawing No. Title
DSRP Field Test Pilot Unit

PID-0010 SIM ROG System
PID-0011 Filters and Reactor
PID-0012 ‘ Sulfur Collection
PID-0013 Analytical

AHGP Field Test Bench Unit

PID-0014 Feed Gases and Preheaters
PID-0015 Reactor and Product Recovery
PID-0016 Analytical
PSDF Field Test
_ PID-0017 SCS-RTI Interface
PID-0018 LSO; Delivery System
PID-0020 _ Instrument Air
4

Revision
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Drawing No.
Sketch BER 02/11/00

E-M-D0002

DSRP RTR 1

V-188
V-150
HX-140
R-130
HTR-131
R-130 FLG
1

HX-090
V-190

HX-160

TABLE III - REFERENCE DRAWINGS

Title

SCS Piping for RTI’s

-~ DSRP/AHGP Process

PSDF General Arrangement
Plant Site

Design & Assembly
R-101, R-201, and R-211

V-188 Sulfur Canister

Sulfur Separator Pot

Sulfur Condenser

DSRP Reactor

HTR-131 DSRP Reactor Furnz;ce
R-130 Flange and Cage Detail
Sorbent Cage

SIM ROG PHTR Coil
Condeﬁser Head Tank

Design and Assembly Reheater

Revision

02/08/00

0

> Qoo »
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Methodology:

The procedure selected for this review used an abbreviated guideword approach that
incorporated guidewords used in classical HAZOP studies. Using selected guidewords (Table
IV), the facilitator directed the discussions to identify operating deviation that was the most
likely scenarios for each guideword. The discussions reviewed the failure modes to identify
potential hazards or operability problems. Based on the developed scenarios, probability of
occurrence and risk consequences were discussed and assessed for the identified hazards or
operational problems. Only events and/or issues that resulted in recommendations were recorded
on the worksheets. The suggested recommendations are included in Column 7 of the DHR
worksheets in Appendix I. The guidelines for the each of the worksheet columns are defined in
Table V. The DSRP P&IDs listed in Table II were the subject of the review first. The P&IDs
were divided into nodes. The modes generally were separated in two categories, feed streams to
the reactors and reactor/product streams. In some cases, the reactors were individually evaluated
and product streams divided into functional subsystems. Table VI outlines the review modes
used for this study. Two exceptions were the review of PSDF/RTI interfacing and test protocol
(study reference E) and analytical P&ID (study reference F).

Study reference number E-1 through E-6 was developed from the plot plan of site shown on
drawing E-M-D0002. This review was other than an operating deviation and was reviewed to
the following potential interfacing issues.

Safety and Restriction Zones
Personnel Access and Egress Routes

~ Event Alarms and Personnel Assembly Areas
Construction/Equipment Access and Egress Routes.

Study reference numbers F-1 through F-3 was conducted on the planned analytical sampling
system and required the expertise from RTI’s engineer who participated in similar sampling of
test units.
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TABLE 1V - GUIDEWORD CHECKLIST

Flow

Level

Leak

Pressure

Temperature

Contaminants

Concentrations

Power
Instrument Air

Operation

Maintenance

Exposure

Operating Deviation
-No

-High

-Low

-Reverse
-Misdirected
-Plugged

-High
-Low
-No

-Oxidation
-Corrosion
-Seal

-Connector

-High
-Low

-High
-Low

-Process
-Disposal
-Handling

-High
-Low

-Loss
-Loss

-Startup

-Shutdown
-Emergency/Evacuation Plan
-Integrated Test

-Sampling

-On-line
-Off-line

-Fire

-Toxic Release
-Heat
-Explosion

C-14



TABLE V - DESIGN HAZARD REVIEW
GUIDELINES FOR WORK SHEET COLUMNS

Column 1: Study Reference Number

Identifier that will be located on each of the review P&IDs for easy recall and
reference during corrective action and implementation phases.

Column 2: Line Number or Equipment Number or other Identifier

Item identified with subject of deviation and guideword.

Column 3: Guideword and Operating Deviation
Refer to checklist guidewords (Table IV).

Column 4: Possible Causes of Deviation or Problem

Identified failure mode or process upset condition or operability event in
reference to Column 3.

Column §: Consequences and Reasons for Action

Categorize the potential effect of Column 4. “S” for safety, “O” for an operability
problem, and include the potential consequences of the event if necessary for
added clarification.

Column 6: Existing Precaution

Identify instrumentation and control devices and/or operator action and/or
equipment items and/or procedures that prevents or minimize the effect of the
event.

Column 7: Recommended Action or Notes/Queries

Review teams recommendations or inquiries with reference to Columns 4, 5, and

6. The recommendations from the team are only suggestions for subsequent
evaluation by projects in developing the final corrective action plan. The team’s
recommendations may be subject to change based on follow-up engineering reviews
and/or studies.

Column 8: Action By
To be assigned by project following the review.

Column 9: Further Implications or Follow-up Reviews or Comments

Optional. If applicable, identify other related study reference numbers having similar
event conditions or identify specific follow-up review requirements or specific
information comments for further clarification.
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TABLE VI - PROCESS REVIEW MODES I
DSRP Pilot Test Units l
Drawing Node Identifier Process Nodes l
PID-0011 Al ’ Coal Gas Feed to Reactor
PID-0011 A2 F-120 Blow Back
PID-0011 A3 Nitrogen Feed l
PID-0011 A4 F-110.Blow Back '
PID-0011 A5 R-130 Reactor
PID-0012 A6 Sulfur Removal System l
PID-0012 A7 Reheated Off-gas System
AHGP Bench Test Units l
PID-0014 B1 Coal Gas Feed to Reactor
PID-0014 B2 H,S/Nitrogen Feed I
PID-0014 B3 REGEN SO»/Nitrogen Feed
PID-0014 B4 REGEN Air/Nitrogen Feed
PID-0015 B5 'Reactor/Sulfidation Off-gas l
PID-0015 B6 Reactor/ SO, REGEN Off-gas
PID-0015 B7 Reactor/Air REGEN Off-gas l
PID-0017 C1 Instrument Air
PID-0018 D1 LSO, Delivery System l
E-M-D0002 E PSDF/RTI Test Protocol .
PID-0013/PID-0016 F1 Analytical Sampling
9 C-16 l



Review Team:

The review team consisted of several representatives from the Research Triangle Institute at the
Center for Engineering and Environmental Technology, Process Research Program, Research
Triangle Park, North Carolina and one safety engineer from Southern Company Services at the
Power System Development Facility, Wilsonville, Alabama. A hired consultant familiar with
conducting hazard review for pilot scale operations facilitated the meeting and directed the team
discussions.

Members of the review team are identified in Table VII. Other participants attended part-time
and are also listed as attendees on the worksheets.

10 C-17



TABLE VII - DESIGN HAZARD REVIEW TEAM

Jeffrey Portzer . RTI Process Engineer

Daryl Smith RTI Operation/Construction

Brandon Russell* SCS Safety/Engineering

Gary Howe RTI Analytical Sampling (part-time only)
Peter Cherish** Consultant Facilitator

*Scribe for meeting.
**Developed document worksheets based on scribes recorded information and follow-up
discussion.
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Results:

The results of the Design Hazard Review are documented in Appendix I and Appendix II.
Appendix I documents the results of the meeting discussions and tabulates the event
scenario, consequence, and existing precautions on the worksheets. Appendix II further
identifies a study reference number for the event scenario on each corresponding P&ID.
Also included in Appendix I is a column with suggested recommendations for each of the
study reference numbers. These suggested recommendations are to be reviewed by the
SCS/RTI project team subsequent resolution and implementation.
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Follow-up Requirements:

A follow-up action plan for implementation is required to close out the items identified in
the review. The following is offered for consideration.

e RTI/SCS project team reviews the event scenarios for each of the study
reference numbers and address the validity of each recommendation on a “to-
do” or “no-to-do” basis.

e From the results of the above review, develop a corrective action/status list finalizing
the recommendations. For reference, a sample of a DHR action item/status form is
shown in Attachment I. :

NOTE:  Study reference items requiring no follow-up implementation or that are
deemed not applicable should be so identified in the status column of the
listing.

e [t is recommended that prior to startup, the status of each item of the DHR action item

list be reviewed by SCS/RTI project/operations team to assess status of completion
and operational readiness.
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ATTACHMENT I
DHR Action Items

Study Action Recommended Status Estimated
Ref. # By Action Completion
Date
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APPENDIX II

DHR REVIEW P&IDs

-0 C-44




F-080

LO-P PURGE N2 FILTER

NUPRO 60u
25" ING  3/4° 0D
100 PSA 25C

SIM. ROG N2 FILTER

25" NG 3/4° 0D

F-085
LS02 ROTAM. FILTER

NUPRO 7u
TG 1100
350 PSA 25 C

_HX-090_
SIM ROG PHIR COIL

HIR-031
SiM ROG PHTR FURNACE

SPUT TUBE FURNACE

REVISIONS
COMMENTS

REVISED LINE ID'S AND LABELS

REVISED CNTRLS; CHANGED 10 1~2 FURNACE

B §AnNNEN @an (naT toarc®

JWP

A_|5/20/8] o9 | INCORPORATES CHECKER'S
B [02/11/%0| JWP | ADDED Yv-081
E_Jo4/05/00] WP | ADDED TE-095: REVISED LOOP 094

C |5/20/99] JwP
£ 7 /s mal

l
. FC fov
. F-092 . : HX-090
Lr .‘ PR e TSP =SS T

FROM PCV-612 . | _HTR-091

\

&‘
i
o

OWG. NO.

4/6/98
8/8/%8

DATE

w.0.: 5666

ENGINEEAING RECORD
DRN:JWP
CHK:BST

F lecar. noNrF

AL

Wilsonvile,

DOE—FETC

rocess

SRP FIELD TEST PILOT UNIT
P&ID — SIM ROG SYSTEM

Direct Suifur Recovery P

=

™% PID0010

§
\ S
\ o L
\ / ‘
N=' -
F—080 \ / |
@ 140-LOW-P N2 TO S ROG-1/4" T-SS TUBE s A \ / ! -
' ' A \\ / I | \0ss/
FROM POV-165 & UNE f111 - N A TV
| w-000 18" 1 Run 1 Run 2 -
o /8T W-083 101-REGEN OFF-GAS-3/8" T-SS TUBE i s 3/4' T 171
HV-038

T %8
FROM WE-S10_ 4 i R\ ! : * DHR RE\“E\N
Lscz yeoH 1) _* e R gt | AUG 2000
(PID0018) (s] F-085

- N é)@‘ﬁ’/a. T st

: P T 02/1 =
‘::mooma BITHK 3 139150 T0 DSRP=1/8" T-55 TUBE e
FROM F-540 & HV-512 @ % '@c

H [\, L
peig @18 &

[P0 > : Run | (OTZ=ReG RO AGP=3/B TS5 TOBE)>— éﬁ?g?%gm
ROG FROM AP UNE NUMBERS USED

138-140

Amenolx T, TC-|

HIR-091
HX~-090
F-80,85,92
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F-110 F-111 _HX-180 HTR—181 R-130_ HIR-131 ¢ .
REGEN OFF-GAS FILTER ROG BLOWBACK FILTER ROG PREHEATER COIL ROG PREHEATER DSRP REACTOR  REACTOR FURNACE g 4
BALSTON TYPE 37/25 w/CERAMIC ELEM. BALSTON TYPE 85 w/CERAMIC ELEMENT .mool FURNACE nuo-mm/mgn,wssc FURNACE giggé
10—1/4' 2-3/4'0 5.04" 246" 44" ING 5—1/2'0 49" ING 6-5/8 E ilé <
275 PSIG 200 C S0P HC 275 PSIG 500 C . 275 PSIG 600 C §§§3'§§
LRk
=R P18 TS T PIDO013 E ERER
“A-1" ROG TO ANAL SYS. §§¥§§;
T T TS ! _ [roz_ > g §!§|§ 8l
- & @ [rRma SyeT_en sr MEEEERE
& . S -
- 8 . MEEEREE
L TO \ | | 8] X

ol \ §
I gy R ;~@—4>—~5 iR g @
PID0014 : = - 7=2 =
T0 F-308 & FOV-309 ¢ %t 2 § FROM ] = —; 5 @ E 3 ;

SCS-2-MTER P 2-1/7" WPI-CS PPE '/t!} E‘/z. TM RE . A : X,

: [ \ e ar SET AT 20 P36 8 i
B of W :
B, | e . g Y - S
242 wou ] - s
z» z I :

(]

(] .
378X 7 PWER 7 X R

Vo N3]

DRN: WP
CHK:
APP:

o W.0.: 5666

M ISCALE: NONE

@_ DHR REVIEW
L = | JuLY 2000 B
<;> ®'® = 3\ ALG 2000
i % FLIR'D COAL GAS-3/8" T-SS ‘ 2 A’ UG 2000

3 AVG 2000

1
[l
113-MIXED RXTR FEED-3/4" T

bedDo.

P&ID — FILTERS & REACTOR

DSRP FIELD TEST PILOT UNIT

5

(T00T=CG 10 ARGP=3/8" 155 TUBE ) SEE PID0017 Q

£ (> :
A= ST =S T 1' PIDO013 > 3

“A=3" CG TO ANAL SYS.

:
F-120 F-121 o it
COAL GAS FILTER 0G BLOWBACK FILTER Avperpi X T8 | TE-3 gg 1
POROUS METR. FRTER ELETOR WMOUS CRAUC ELENENT CARTRIOGE FILTER Last No. Used: 183 AT H 5§g
18 NG 3-1/2"0 S04 245 Not Used: 142,145,162,166,168 ! o<

75 PS6 540 C % nc Lost Line No. Used: 121 i %%
Line No. Not Used: 118-120 ~130 §

F-120,121 C-46

F-110,111 —




HX-140
SULFUR CONDENSER

COIL N VERT CYL FLANGED VESSEL
2" 8-1/2°0
50 PSG 130 °C

HIR-141
CONDENSER HEATER

MMERSION HEATERS W/INSULATION

o>

VENT SYSTEM

rmunnoo17<>.___||
[oohu] [Sea]
AWEEAN

I PD00T1 >

|-

114-REACTOR MAKE-3/4” T-ALONIZED §

1/ 10200 SUPPLY-1/27"-5S TUBY
De]

RTI SKID uM#‘%‘
@—@E

.

REACTOR MAKE

-l
B ==

-

><

 —

o~

(@]
127-CONDENSATE-1° T

FB%AS 128-SULFUR + DSRP 0G-1/2°
—_f ‘{-

NOTE: SERIES CONNECON § | - -~

REQD BETWEEN 2 PCS OF HEAY
TRACE CABLE*

V-150
SULFUR SEPARATOR

VERTICAL CYL, FLANGED TOP
6-5/8" 28"
275 150 C

POT

SEPARATOR POT HEATER

T-CRAFT FURNACE

SULFUR CANISTER

VERT. CYL P-VESSEL W/UMER

28" LOA x 12° 0.D.
300 PSIG 150 °C

Last Line No. Used: 139

V-190 HX-160 HTR-161 F-195 t
CONDENSER HEAD TANK REHEATER COIL REHEATER  DSRP OFF-GAS FILTER g
FLANGED PRESSURE VESSEL TUBING COLL FURNACE CERAMIC ELEMENT CARTRIOGE FILTER -
6-5/8" 24" 2-1/2" 4-1/2°D §3L é
50 PSIG 130 °C 275 PSIG 200 °C 260 PSIG 200 °C §§§§y‘
g%gag
COZ=STER VENT RO T77 =SS T ELER
iLg ﬁg!l
S— _ B
§+ 5 "ECEEE
X URN- =55 108 § 1
> HBEEEE
Ay mp?ao::::tm 131-REHEATED DSRP 0G-3/4 T° _F_._]ﬁfl_ Q\ . ..‘“
A e e e M
T2 b eeeo U L. :
4 — KAT-| D[ o | o - =
(&) “ 2 B @ ® i
).\> § Y SET AT 260 PSIG
HTR—1§ \ I
CONSTRUCTION NOTE: 5 RTI SKID LIMIT —-——- > g
v-wonq‘onx-mm ﬁ g
y @ 130-DSRP 06-1/2° @ = . 3
@ { ¥ @ g Run 1 §§
’ 3 a (AL TS SRPE=T74 T=55 TR {x::m»im | 5 “
—-@—|-® ® b A
HR-151 | | N Hlalde |
\% =Tz p
—® i
f_-@“@ ; 134-0SRP 0G-PRESSURIZING-1/4"-SS TUBE DH R RE\’ \Ew §§
@ | — 2 ALG 2000 ES =
= | 5 197 'sg)Psmné 2 AVG %OOO ho &
,...SI_[w {1/ ' 198 4 AVG 000 ;glg
i ™ = 5312,
196 ©o g é
0..9’,? o
V=18 28y |
A8 | 3' lz‘
HTR—1 51 V 188 Last Tag No. Used: 199

v-190
v-188
HX-160,HTR—14
V-150,HTR-151,

Prp()afrfsx 3,03

-

HX~140,HTR~—14

Al

%
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HX-210 v HX-225 F-225 CYL-288 - OYL-290 F-214 AE-215 AE-240 ¢
A-1 SAMPLE COIL CG SAMPLE COOLER COLD CG SAMPLE FLTR CO ANAL CAL GAS SO2 ANAL. CAL GAS S02 ANAL. INLET FLTR ROG SO2 ANALYZER  COAL GAS H2 ANALYSIS 8
o DY ELECTRONC WAER G CARTRIDGE AILTER, PLASTIC 16%C0/8%C02/N2 N __SZE C1L 5% S02/N2 IN __SZE CILINDER Tmmmj;;.w BOVAR MOD. 921 S02 ANALYZER CARLE GC MODEL 400 :sl §§
275 PSG 500 C 2% PG 200 NP6 ¢ . CYL-289 0P 257 _ Egsih 8
@) Sew | I CARLE GC CAL GAS ! COAL G AL THELE
1 =7 DSRPSKID |  cummconssh o |  MOBILE LAB CONTROL / HECEE
T 7 I I ROOM HARTMANN & BRAUN URAS 14 ;ﬁ.;si
Hv-21 l .
' snaew | LADDERRACK 1 r__@_ §|§ g ggi
= D — 215 s ;’3 o
— S | BovAR NOD. 921 S02 AWLYZER BERLEI
HE=210{ i | | N REE R
- I ' i x o wi
REVISION “H® CHANGES ARE IN THIS | |
SECTION OF THE DRAMNG. " O
T7-R0C SAWPLE=1/B" 1-S5 TUBE 1 |
A-1: ROG SAMPLE @ ' l ;
P x1. v N — I I
T = ) | | E
@ @ 7 LA ‘z> : PID00T7 :
1/ Run 3 @j i FROM EQUIPT ROOM i
g T L g | I, i ¥
73 NOTE: THSS VERTIGAL SECTION OF BISULATION i 1 - 49-CRLE CC VENT-1/4" T-PLASTIC TV
L[] A 2! I I | .E AE-40 | (pememmen T,
S| ToFoRRE S i . \225/ I | RS . CARLE GC MODEL 400 CARLE GC VENT §
§ 3 — - ME_Z:ZQ . /Bl. 'Q¥ ';% 104-CMRLE GC ET-1/2° T-TFE TWBE
REZES SHOUD 6 SR 1o SHOmN _ B 116-06 SWRLE-1/8" T-TFE { | =
i . H)j 225 @ [Tj ) 1/|4' mygr Rl 1 ® :,é%“ [:$$ % %
[Pooon , =[- p = ' & L3 N
A-3: COAL GAS SAMPLE : | I e AL-270 @ g
[ pooviz~—E2 _ﬁ o = - ! ﬂ et | e —@ LT sl | o
A-2: DSRP TAL GAS Yi | I o ..|- n wﬁm 3 VAT gggc i:
) : y . P P P (2 =) L L
yy_ ] Y T wiY g
& (2w R e e EEEEE G R ]
- CONSTRUCTION MOTE:  FELAINE VERICAL ) ‘E’ () : i g i E 1851 T8 T, ¢ B & 2 . 4 | 08 Z
POSTIONS OF (200, F-203, NO J ¥ 1 ¥ o 2 ol 180T -
: %‘mgwﬁm " n .'? SS TUBE | TFE TUBE ! o 4 : ; ) ; L g, \;é' u - = ",’7%-49“,/3- ; AE—ZSOA —l 150-AMETEK VENT-1/4" T g é
D C=TAC TS SAPLE=T75 T=TFE TUBE = S I - Y =
F-203 SET AT 20 PSG 1/4° TX 1/8" T i CYL-282 I P . g ;% 33 | AMETEK WOD. 4000 e ‘—z" E
JOANY PR ' cctep oL oas gl wmey s Ez A= o s [ I
r T L I | ek | ogE g 3a)°
142-TAL GAS SMMPLE-1/4" T-SS TUBE |yyyuy 1000PPY H2S/__ 005/ S02/ N2 3 » @ e "
: : i i 31 AE-250A 2] [
T8 CYL-283 2 2 = e
= E’ l TA“_ CAS st CAL GAS l 2 ! X TA"_ GAS 502 ANALYZR g’ § e
Y 1000 PPM H2S/N2 IN __SZE OTL = - aYaYa A"Emz”sm(’jgw D H'qR REVIEW ) ;
HX=202 F-203 CYL-281A ANNE IR ER TR FU& 2000
A-2 (TG) SAMPLE COIL A-2 (TG) SAMPLE FLTR N2 ZERO GAS CYL-284 N TAL G5 N3 JNALYZR ¥ !
5-FOOT TUBING COL BALSTON ASB-2 MEMERANE COALESCER  UHP NITROGEN IN A" SIZE O1L. TAIL GAS SO2 CAL GAS WX—I[ -4 ;
FL 3D L 25D S5°ING 9" 0D 1000 PPM SO2/N2 N _ SZE O1L CYL-285B AE=270 ; ) g
275 PSG 200 C 275 PS6 20°C CYL-281B AL 264D LTl 1208 210218, g 1 ¥
L2010 CYL-285A CYL-285B CYL-286 CYL-287 TAIL GAS GC ANALYSIS  220-225, 225, 26-s, .§§ 3
N2 ZERO GAS W |yM SUPPORT GAS He SUPPORT GASH2 SUPPORT GAS AIR SUPPORT GAS ~  Wewvec-towmso 2028 to-dm. 2zt 20 g 4
UHP NTROGEN N A SIZE CTL. UHP HELWM W A" SIZE CYL UHP HEUUM N A" SZE CYL  UMP HYDROGEN IN A" SZE CYL  ORY GRADE AR N A" SIZE C1L %E
557N 9" 0 557 NG 9" DiA 55 NG 9 0D S5 NG 9" 0D 55" NG 9" 0D NE NUMBERS VS C-48 §




CYL-3502 F-307 F-308 F-310 V=320 HTR-321 HX=325 HTR-326

10% H2S/N2 CYL. HZS/NZ FILTER PROC. N2 FILTER PROC. AR FILTER AIR REGEN PHIR #1 PHTR FURNACE SO2 REGEN PHTR COIL  #2 PHTR FURNACE
H2s/N2 OTL NUPRO 7u (SS—4F-7) NUPRO Tu (SS—4F-7) NUPRO 2u (SS-4F-2) VERT CYL PACKED VESSEL THERMCRAFT S/N 90008 TUBING COIL IN FURNACE THERMCRAFT S/N 90146
® 7 2-15/16"  3/4 2-15/16" 34" 2-15/15" 3/4" w190 00
1800 P8I 25 C
CYL-301

PROC. AIR CYLINDER

Run 6 (Byp) 1005-PROCESS N2-1/4" TUBE

S __

SET AT 350 PSIS m—:m

y Bun § =
el s
PROC N2 FROM PCY-602 . - - _ //
e S 11E T]-‘ n ~ TN T -i
@a @:,.:> ::E HIB—\}\Z] 3/5/ . Z//,Z %\_.% — ———— .@ 1 i
e ” § 3207 '},i:%’ % el bl
\

ADDED T/C READOUTS
CLEANED UP PIPE RUN DOCUMENTATION

¢ [10/8/08] ywp | GENERAL REISIONS

/] e | ADoED YV-9

a2/
€ |oym/o| o

NO. | OATE
A _[5/21/96] JWP | INCORPORATED CHECKER'S COMMENTS

8 _|o/e/e8] JwP
D @

fett e e e e (] D e e -4
wl __ ! [}
& His | m.% R
o7z .
i g | ' % }%- ————— »@-i’-@-i
= _%_ 7 = ! |
3 : T e , SO Nl N
8 3 RS 7 3//// _(®) L
; K / - r .
g é g w 77777 %‘ - 4 | ;
; 2 5 1
= 2 - RG]
) = R z
3; = f 2 1007-502 REGEN GAS-3/8" g §1§
: 5Py — [
g -@ ¥ ———-=T0 PI0015 N S02 REGEN GAS TO R-330 g
E LI _______ BT ___mou PID0015 (TE-372AA8) g X g

T : Lm%w§7
|
"1@1@ ‘ " %_ (50

AT 350 P38 e T0 R-330
LIS/ . i L___ DHR REVIEW
- = S 4 AUG 2000
HV-392A

Hv-3928 /) _ 7 _
| a
Y @ A
-1/ -7
BF U (] =390 > [ >
s/a msm/s' NPT \ COAL GAS
/ @ 1/8" NPT-1001-SS PIPE

// S __‘/;L ) ; ‘
A %:_-}% _ F-390 F-540 F-389 |
X%

N
3

COAL GAS FILTER LO—-P PURGE N2 FILTER LSO2 FILTER

g L

Wisonvile, AL
DOE-FETC

AHGP FIELD TEST BENCH UNIT
P&ID — FEED GASES + PREHEATERS

Advanced Hot Gos Desulfurization

'W M. pInAN1 A

NOTT "GAS SHIELD” FILTER NUPRO 7u (SS-4F-7) NUPRO 7u (SS-4F-T7) ';o’fgg ‘;Ssg’m 72, 77-379
-1/87 -1/ 2-15/16"  3/4° 2-15/16"  3/4" 387-309, 610-611 HTR-326
275 P51 540 C OP PRESS OP TEMP OP PRESS OP TEMP HX-325
UNE NOS. USED: HTR-321
1001-1008 V=320
CYL-301,302
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R-330 _HIR=331 F=335 F-355 HX-370 HX-340 V=350 V-360 F-365 ¢

FLUID-BED REACTOR RXTR FURNACE ~ REGEN. FILTER SULF’'N FILTER  WATER CONDENSER SULFUR CONDENSER  HEAD TANK SULFUR TRAP S02 RE&MSWCS%ECTOR }
"m;?“m:‘%yg& THERMCRAFT S/N 92192 , S e , ik PARKER TUBE-TUBE COL VERT CYL. VESSEL W/COIL Vﬂ‘:s?'lmm%,vgom — Stgfg © ey A § § §
Br-i 3/8° ™X3/4" 7| Run 4 o 3/4° TX1/4" TUBE ) - g § g 2
38T e ———— ~ /1 E § g
350 P9 D\ T so s N \2-8 g g
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APPENDIX A

PROCESS DESCRIPTION :
(Direct Sulfur Recovery Process/Advanced Hot Gas Process)
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Direct Sulfur Recovery Process

Sponsor: Department of Energy

The DSRP was originally developed to treat the
regeneration off-gas from metal oxide
sorbent-based coal gas desulfurization processes. In
these processes, the regeneration of the sorbent
produces a diluted sulfur dioxide off-gas that is
available at elevated pressure and temperature.
Depending on the specifics of the regeneration
conditions, the SO, content can vary. Simplified

chemistry is as follows, where MO represents a
generic metal oxide sorbent:

ADOTONHDIL

Desulfurizatio_n: MO + HZS -->MS +
H20

Regeneration: MS + O, --> MO + SO,

;'wsuns‘svmvna 0 HIIVIH

The DSRP uses a stream of a reducing gas -- typically a slipstream of coal
gas containing CO and H, in the case of coal gas desulfurization -- to

convert sulfur dioxide to elemental sulfur. The feed gas is at elevated
temperature and pressure, and the following (simplified) reaction takes
place in a gas phase, single-stage catalytic reactor:

SO, + 2H, (or 2 CO) --> 2H,0 (or 2CO,) + S

Figure 1, a simplified process flow diagram, shows how the DSRP can be
integrated with hot gas desulfurization to produce a clean process gas and
an elemental sulfur by-product.

C-58
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Figure 1. Conceptual DSRP integrated with hot coal gas desulfurization. -

A main advantage of the DSRP is that it is a simple (single-stage)
stand-alone process. It can be adapted to a variety of SO,-containing feed

gas compositions and, combined with sorbent-based desulfurization, can
process a variety of H,S-containing process gases. The disadvantage is that

a valuable synthesis gas (H, and CO) is consumed in proportion to the

amount of elemental sulfur produced. The DSRP has been extensively
tested at the bench scale in the laboratory and in the field, using both
simulated and actual coal gas streams. Rugged catalysts for the reaction are
commercially available.

DSRP Process Development

¢ Lab-scale proof-of-concept
* Laboratory testing - bench scale

¢ Fiel ing -- scale
¢ Field testing -- pilot scale.
bo = f-of-Conce

In the late 1980s, the U.S. Department of Energy (DOE) initiated a program

to develop the hot coal gas desulfurization concept. The most promising
results were obtained with mixed metal oxide-based refractory sorbents.
Regeneration of those sorbents with air resulted in the production of a
dilute, SO,-containing off-gas. While investigating several process concepts
for the treatment of that stream, RTI’s discoveries led to the concept of the
Direct Sulfur Recovery Process. 4

The initial proof-of-concept studies were conducted in a 1-inch diameter,
fixed-bed, tubular reactor ("laboratory" scale) containing 25 to 50 cim® of
catalyst. The focus of these studies was on optimizing the operating
conditions of temperature, pressure, space velocity, gas composition, and
feed stoichiometry. Pressure was the most important variable, with higher
pressures (over the range of 1.5 to 20 atmospheres) leading to significantly
greater single-stage conversions of SO, to elemental sulfur. Higher

temperatures (over the range of 675 to 925 K) also led to higher
conversions. The DSRP reaction, unlike similar reactions encountered with
the well-known Claus process for sulfur recovery, was insensitive to the
steam content of the reaction mixture over the range studied.

La Testing -- Bench

A-2
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Figure 2. Artist’s Conception of Mobile
Laboratory showing Analytical/Control Room
and Process Equipment Room.

Following the success with laboratory-scale testing, a larger apparatus was
built in the early 1990s to include two stages of reaction with intermediate
cooling and condensate removal. With 4-inch diameter reactor vessels
holding 2-inch or 3-inch catalyst "cages," this apparatus could
accommodate up to 1000 cm?® of catalyst per reactor. It was used to screen
several different catalyst formulations and to further refine the operating
parameters. Various molten sulfur recovery strategies were evaluated
empirically. The two reaction stages, with a different catalyst in the second
stage, were integrated on the same process equipment skid, and runs of
several hours’ duration were achieved. In addition to the fixed-bed
configuration, fluidized-bed concepts were tested.

Field Testing -- Bench

Figure 3. Mobile Laboratory in place at
DOE-FETC (Morgantown).

To meet the objective of testing the DSRP catalyst and process concept with
actual coal gas (from a working gasifier) RTI built a Mobile Laboratory to
house the already-constructed bench-scale test apparatus, control system,
and gas analyzers. Constructed in a modified office trailer, the portable unit
was outfitted at RTT’s site in North Carolina, then transported to DOE’s pilot
gasifier in Morgantown, West Virginia. Testing was conducted during
several gasifier campaigns, over a period of two years, and led to two
important conclusions: ~

A-3

http://www.rti.org/process/dsrp.cf

C-60

3/27/2000 2:28




rect Sulfur Recovery Process

nf L

* asimple, single-stage process provided acceptable conversion of SC,

to elemental sulfur (>98%)
¢ the presence of trace contaminants in coal gas had no deleterious
effect on catalyst activity (over the time period studied).

Field Testing -- Pilot Scale

To accomplish larger scale testing of the DSRP, a skid-mounted unit with a
6.0-inch diameter reactor was designed and fabricated, as the photographs
show. The current emphasis is on development of a fluid-bed reactor-based
process to handle the highly exothermic DSRP reactions. The SO,

concentration in the sorbent regeneration off-gas in the more-recent hot gas
desulfurization process designs is higher, resulting in higher heat densities
in the DSRP reaction. In addition, demonstration of extended operation
with actual coal gas and consistent production of elemental sulfur is
necessary to gain commercial acceptance of the technology.

Figure 4. DSRP Field Test Figure 5. DSRP Field Test
Pilot Unit being fabricated in Pilot Unit being fabricated in
RTI shop: gas inlet end of unit. RTI shop: gas outlet end of
unit.

For field testing it is planned that the DSRP skid, under a shed roof, will sit
alongside the Mobile Laboratory, which is being refitted to be used as a
control room, shown below in Figure 6.

Preparations are actively under way for conducting a long-duration field test
of the skid-mounted DSRP in the fluid-bed mode, with a slipstream of
actual coal gas at the Power Systems Development Facility (PSDF) in
Wilsonville, Alabama. Modifications of the skid-mounted DSRP unit are

A-4
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being made

in the RTI shop, consistent with specific site requirements. The

Mobile Laboratory refitting is also being done at RTI, and it, along with the
skid-mounted DSRP will be moved to Wilsonville, Alabama, for the testing
to be conducted in the 1999 - 2000 time frame.

Figure 6. Planned field test of the DSRP at DOE’s Power System
Development Facility in Wilsonville, AL.

Contacts:
e Santosh Gangwal, phone:(919) 541-8033, fax:(919)541-8000,
skg@rti.org ‘
¢ Jeffrey Portzer, phone:(919)541-8025, fax:(919)541-8000,
WD @rti.or
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Advanced Hot Gas Process

Specifically oriented to H,S-containing process gas
streams, such as coal gas in an IGCC power plant,
the Advanced Hot Gas Process (AHGP) combines
metal oxide sorbent-based desulfurization with
special sorbent regeneration for direct production
of elemental sulfur. The intermediate, dilute SO,

stream -- which arises from oxygen regeneration of
the sulfided sorbent -- that the DSRP is designed to
treat is eliminated, as is the slipstream of coal gas
needed for the reduction reaction. In the AHGP a
recycle stream of high concentration SO, oxidizes

the absorbed hydrogen sulfide directly to elemental
sulfur. In addition, a portion of the sorbentis  ’
regenerated with oxygen (introduced into the
recycle SO, stream) in a "polishing" regeneration
that also produces sulfur dioxide to balance the consumption. The
simplified overall reactions are as follows (where MO represents a generic
metal oxide sorbent):

Desulfurization: MO + H,S --> MS + H,0
SO, regeneration: 2 MS + SO, -->2 MO+ 3 S

O, regeneration: MS + 3/2 O, --> MO + SO,

Figure 7 shows a conceptual process design for the AHGP to regenerate the
desulfurization sorbent directly to elemental sulfur with minimal

consumption of coal gas. In this process, a zinc-iron sorbent is used and the
regeneration is carried out in two stages with SG, and O,, respectively. The

iron sulfide is regenerated by SO, in one stage to elemental sulfur. In the

other stage, zinc sulfide and any remaining iron sulfide are regenerated by |
0O, to provide the required SO,. The sorbent is then returned to the

desulfurizer.
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Figure 7. AHGP Conceptual Process Flow Diagram.

The key chemical reactions of interest are as follows:
1. Sulfidation
Fe,0; + 2H,S + H, --> 2FeS + 3H20
ZnO +H,S -->ZnS + H,0
2. SO, regeneration
4FeS + 380, _ 2Fe,0,+7/2 S,
3. O, regeneration
2FeS +7/2 O, --> Fe,04 + 280,
ZnS + 320, _, ZnO + SO,.

AHGP ss Development

e Jab-scal f-of-concept
¢ laboratory testing -- bench scale

¢ engineering analysi

Laboratory-Scale Proof-of-Concept

The feasibility of SO, regeneration of combined zinc-iron sorbents was

demonstrated using a thermogravimetric analyzer and high-pressure
microreactor. Zinc sulfide shows essentially no SO, regeneration at

temperatures of interest (500 to 600 degrees C), but zinc is needed to act as
a polishing agent in the desulfurizer.

Laboratory Testing -- Bench
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A number of sorbents were prepared and tested at the bench scale ove;
multiple cycles. Based on these tests, a highly attrition-resistant sorbent
(R-5-58) was prepared and the process was demonstrated over 50 cycles in
a 7.5-cm LD. bench-scale fluidized bed reactor.

The results showed that R-5-58 removed H,S down to 50- to 100-ppm

levels with stable desulfurization activity over the duration. The surface
area and pore volume of the sorbent did not change appreciably and the
attrition index before and after the test was 3.6% and 1.2%, respectively.
Sulfur balances were adequate and the SO, regeneration step accounted for

up to 70% of the total regeneration of the sorbent. This compares to a
theoretical limit of approximately 80%, assuming complete regeneration by
SO, of the iron component

Engineerin lysi

An engineering and economic evaluation of the DSRP and AHGP for
large-scale IGCC plants was conducted in partnership with the Chemical
Engineering Department at North Carolina State University (NCSU) using

ASPEN PLUS® computer process simulation software and published
generalized cost estimating methods (Gangwalet al. 1998) . For both
processes the scope of the equipment and process steps included in the
simulations were the same: coal gas desulfurization (but not the high
temperature particulate removal), regeneration of the desulfurizing sorbent,
and production, isolation, and short term storage of elemental sulfur.

The recovered sulfur was assumed to have a market value, and thus generate
a cost credit. Coal gas consumed in the process was evaluated at a cost
based on the potential power generation that was lost. High pressure steam
generated in the process was assumed to provide a cost credit based on the
power that could be recovered from it. Base case simulations of both
processes assumed 0.85 mol% H,S in the coal-gas feed. Such an H,S

concentration in the coal gas would be produced by an oxygen-blown

Texaco gasification using a roughly 3.6 wt% sulfur-containing coal. Both
base cases generate 260 MWe from the clean coal gas.

Figure 8 summarizes the results of the engineering analysis. The ASPEN
simulations of DSRP and AHGP revealed the complexity of both hot gas
desulfurization processes.
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The AHGP appears t0 . ¢opi Gas Consumption| = N
be the more difficult o i
process to operate and  OPe=ing Uos (e — —

may require more R
employees than the Compraesor Horsepowet | ® .

DSRP. Capital costs for Feactor Caphal Cosl

the AHGP are higher

than those for the Tolal Capital Cost S —
DSRP--development of o . ,

DSRP is also much NoSloam Procuead ) - N
closer to 00 08 16 15 20 25
commercialization than Rstative Voo to DERP Vakse 04 1
AHGP. However, Figure 8. Comparison of key elements of AHGP
annual operating costs and DSRP.

for the AHGP appear to

be considerably less than those of the DSRP. Preliminary economic
comparison shows that the total cost (capital plus cumulative operating cost)
of implementing AHGP will be less than that of implementing DSRP after
as little as 2 years of operation. Thus, despite its greater complexity, the
potential savings with the AHGP encourage further development and
scaleup of this advanced process.
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