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TASK I - DESIGN,REFURBISH,OPERATEPOTASSIUMFORMATESYSTEM

Task I calls for the design,procurement,construction,and installationof
the Seed RegenerationProof-of-ConceptFacility(SRPF) (FigureI) that will
produce tonnagequantitiesof recyclablepotassiumformateseed at a design
rate of 250 Ib/hr for testingin the channelat the CDIF while collecting
data that will be used to upgradethe designof a 300 MWt system.
Approximately12 tons of KCOOH (drybasis) as 70-75 wt% solutionhave been
produced. Activitiesduring this reportingperiodfocusedon plant securing
operationsand waste disposal.

TASK 1.3 PRODUCTIONOPERATIONOF KCOOH POC UNIT

Productionoperationswere completedduring April with the productionof more
than twelve tons of regeneratedseed (drybasis) as 70-75 wt% solutionfor
shipmentto the CDIF for use in channeltests.

The long-termplant securingoperationswhich were started in May were
completedduring this reportingperiod. Securingoperationsincludedboth
the front end of the plant (potassiumsulfatereactionand solids
separation/washingunits) and the evaporator/crystallizer.In addition,
weekly preventativemaintenancewas performed.

Tank T-3og, which is a 16,000gallon tank used to store dilute potassium
formate,was cleanedof all residualsolids. All remainingcalciumsulfate
and calciumcarbonatesolid waste materialgeneratedduringplant operations
was hauled away by Security Environmentalfor off-sitedisposal. A roll-off
bin had been providedfor the solids. Waste disposal is now complete.

TRW is awaitingword from the CDIF in Montanathat it is alrightto ship the
41 drums of concentratedpotassiumformatefinal productto Montana.

TASK Z - DESIGN,CONSTRUCT,OPERATETHE CALCIUMFORMATEPRODUCTIONPOC

The objectivesof Task 2 are to design and constructa POC unit (Figure2)
that will producecalciumformatefrom CO gas and lime slurryin a high
pressurereactorsystem and to operatethat POC unit to obtaindata that will
allow for low risk scaleupto larger sized systems. Since over two-thirdsof
the presentlyforecastedcost of seed regenerationis associatedwith this
unit operationand the productionof CO gas for reactorfeed, verificationof
the process parametersfor this operationis crucialto the MHD program.

TASK 2.1 DESIGN/CONSTRUCTCALCIUMFORMATEPOC UNIT

All mechanicalbuildupactivitieswere completedin the calciumformatePOC
unit. High pressureleak checks were performedon the unit with both gaseous
nitrogenand water. All equipmentwas functionallychecked.

The followingdocumentshave been written,reviewedby managementand signed
off:

e ShakedownTest Plan
e Safety HazardAnalysis Report
• Samplingand Analysis Plan

!I •OperatingProcedures
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The shakedowntest plan is includedas AttachmentI.

A Test ReadinessReview (TRR) for the calciumformatePOC unit was held on
October 5. All action items from the TRR have been completed.

TASK 2.2 SHAKEDOWNOF CALCIUMFORMATEPOC UNIT

Shakedownoperationsbegan immediatelyafter the TRR. Since there were
problemswith the two pressureletdownvalveslocateddownstreamof the high
pressurecalciumformatereactor,a fixed orificewas installedin place of
the pressureletdownvalves for the first few shakedowntests until the
problemswith the valveswere resolved. One letdownvalve had tungsten
carbidetrim and the other letdownvalve had stellitetrim. Initially,we
were not able to get the tungstencarbidevalve to work at all, whereas,the
stellitevalve worked only marginallyweil.

The flow characteristicfor the tungstencarbidevalve is Cv = O.063:linear
and for the stellitevalve it is Cv = O.100:equalpercentage. The Cv
factor indicatesthe maximumflow bf water which would pass throughthe valve
at a pressuredrop of I psi. This flow is obtainedwhen the valve is fully
open. The flow and pressuredrop, and hence C. are adjustedby closing, V'

the valve. Physically,the valve trim conslstsof a stem insertedinto an
orifice (seat). The seat diametersin the valves are 3 mm for stellitetrim
and 4.5 mm for tungstencarbidetrim.

At our test flow conditions,the CV ranged from 0.02 to 0.03, which meant
that the stem was insertedalmostEompletelyinto the seat (99% closed). The
estimatedclearancebetweenthe stem and seat at this conditionwas on the
order of 100 pm. At high pressureand low velocity,unreactedlime
solids no longer remainedin suspensionand becamecompactedinto particles
greaterthan 100 pm, hence the valvesplugged.

lt was observedthat the valve with the tungstencarbidetrim plugged
constantlyat our flow conditionsand the valve with the stellitetrim
pluggedonly under particularoperatingconditions(highpressure> 1400
psig). "Stroking"(fullyclosingthen instantlyopening)the valve to

: builduppressure in the valve, then suddenlyincreasingthe clearancebetween
the stem and seat in an attemptto dislodgethe compactedsolids,did not
help to unplugthe tungstencarbidetrim becauseof the smallertrim size

(Cv = 0.063). Valve "stroking"only worked sometimeswith the stellite
trlm, which was larger,thus enlargingthe clearancebetweenstem and seat
sufficientlyto accommodatethe compactedlime solids.

We arrangedwith K_immer,the valve manufacturer,to provideus with modified
stellitetrim (with a larger Cv) which would enable the stem to be
retractedcompletelyfrom the _alve seat during "stroking"operations. This
would providea largerorifice area for "flushing"out compactedsolids.

Until the new stellitetrim arrived,we operatedthe pressureletdownsystem
with fixed orificesor with the existingstellitevalve in the manual mode,
such that the operatorcould "head-off"anticipatedplugs.
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A modified stellitetrim set with a largerCv was receivedand installed
in one of the pressureletdownvalves. The valve containingthis modified
trim set, in fact, performedbetter than expected;improved"flushing"
abilitywas observed,and more importantly,manual reactorpressurecontrol
was improved. Specifically,the operatoronly had to make one or two valve
adjustmentsduring a run to maintainreactorpressurewith the new trim,
whereas,with the old trim the operatorhad to constantlyadjustthe valve
positionto maintainreactorpressure. Improvedperformanceof the valve may
be attributedto the increasedclearancebetweenstem and seat, thus
preventingsolidscompactionfrom occurring.

Improvedpressurecontrolof the reactorcausedother mechanicalproblemsto
surfacein the plant. These problemswere previouslyhidden becausethey
were masked by large pressureswings. Large pressureswings caused
intermittentflow of the vapor/slurrymixtureto T-502 and FE502,the
vapor/liquidseparatorand the vent flowmeter,respectively. With improved
pressurecontrol,the rupturedisc in T-502 failedmore frequentlythan it
had in the past (thesefailureshad been thoughtto be caused by pressure
surges). The rupturedisc was originallyinstalledin a Tee-fittingin the
feed line to T-502. In this configuration,a continuousflow of slurrypast
(and in contactwith) the disc caused it to erode and corrode (it was
aluminum)more frequentlythan it did before. The rupturedisc has since
been reinstalledin a differentlocationon T-502,where it does not come in
contactwith the processslurry.

Good pressurecontrolresultedin a stable,continuousflow of vapor in the
vent from T-502. With the steady flow, it was apparentthat under certain
operatingconditionsin the plant, the vent flow was out of range of the
calibrationfor the integralflow orifice(in flowmeterFE502)used to
measure the vent flow. Specifically,with a high CO contentin the feed gas
and high CO conversionin the reactor,the vent flow was so low that there
was no pressuredrop across the orifice,and thus no flow was registered. A
smallerorificehas since been installedin FE502 and calibrated. When
operatingconditionschange such that the CO contentin the feed is reduced
and low CO conversionis achieved,the gas flow rate in the vent will exceed
the high end of the range of this orifice. For this case, the orificewill
be replacedwith one suitablefor higherflows.

Other plant improvementsincludefabricationand installationof a second
nitrogengas manifoldto accommodateincreasednitrogenflow rates in future
test operations. A faultyreactorpressuretransducerwas repairedby the
manufacturerand returnedand reinstalledand recalibrated. To aid in
materialbalancecalculationsand accountfor water vapor in the gas vented
from T-502, a pressuretransducerwas installedin the vent line from this
vessel. The appropriatehardwareand softwarechangeswere made to the data
acquisitionand controlsystemto accommodatethe altered/new
instrumentation. In addition,minor problemswith processplant equipment/
instrumentation,control softwareand the data loggingsystemswere fixed.

A total of six shakedowntests (SDO]throughSD06) were conductedduring
October. The first three tests (SDO],SD02 and SD03) were conductedwith
pure CO gas feed to the system at reactorresidencetimes varyingfrom six to
nine minutesbased on slurry feed to the reactor. Reactiontemperaturewas
varied between260°F and 370°F and reactionpressurewas varied between
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800 and 1400 psia over severalsubtests. A CO materialbalancewas
calculatedusing measuredCO (and N2) feed rates and measuredprocessvent
gas flow rates (correctedfor the presenceof water vapor). A secondCO
material balancewas calculatedusing a calculatedwater flow rate
(determinedfrom the meteredlime slurry feed flow and the solidsanalysisof
the feed lime slurry)and the measuredCa(COOH)2concentrationin the
product. Both methodsindicatedCO conversions-within15% of each other.

The reactionof carbonmonoxide and lime is highlydependenton pressureand
temperature. For the test conditionsstated above,CO conversionwas 26% at
294UF and 1365 psia. At higher temperatures(thoughtto be 370°F),CO
conversionsof 62% and 85% are achievedat lower pressures,818 psia and 1000
psia, respectively.

The next two shakedowntests (SD04 and SD05)were conductedat roughlythe
same slurry residencetime ranges in the reactor;however,the gas feed
consistedof a 75% C0/25% N2 mixture. As expected,CO conversiondropped
off due to the reducedpartlalpressureof CO in the system. Reaction
temperaturesranged from 342UF to 369_F, and reactionpressuresranged
from 965 psia to 1357 psia. At low pressure (-1000psia), CO conversionwas
about 70%. At moderatepressure (-1200psia),CO conversionincreasedto
approximately85%, and at high pressure(-1400psia), CO conversionwas in
excess of 90%.

The sixth shakedowntest (SD06)was conductedat the same temperature,
pressure,flow and CO partialpressureconditionsas the previoustwo tests;
however,the residencetime was cut in half (to four minutes)by bypassing
the second reactor. CO conversiondroppedto 41%, 53%, and 61% for the low,
moderate,and high pressureconditions,respectively.

These resultsindicatethat reactorperformanceis affectedto varying
degreesby these variables. To systematicallystudy these effects,a test
matrix was generatedto study the impactsof the followingindependent
variableson CO conversionin the reactor: I) reactorfeed gas composition,
2) reactorpressure,3) reactortemperature,4) reactorresidencetime,
5) reactant stoichiometry,and 6) lime slurryfeed solids loading.

The operatingconditionsfor the eight shakedowntests (SD07 throughSD14)
conductedduring Novemberwere culled from this test matrix. The results
from these tests are being analyzedand will be reportedin the next
TechnicalProgressReport.

Shakedownoperationsare now complete. Normaltest operationshave commenced
and will continue intothe next reportingperiod.

Diesel fuel for the air compressorwas orderedand received. The waste
liquid holdingtank was pumped out and the contentswere hauled away by
SecurityEnvironmentalfor off-sitedisposal.

Normal test operations,plant performanceassessmentand data analysis
(includinganalysisof shakedowntests SD07 throughSD14) will continue
during the next reportingperiod. An on-line,continuousCO Non-Dispersive
InfraredAnalyzer (NDIR)will be installed(and spanned)in the gas vent from
the vapor/liquidseparator;this will providea direct measureof CO



conversionduring operations,and providea means of cross-checkingthe CO
materialbalance. With the reactorpressuretransducernow installedand
properlyfunctioning,a feedbackcontrolloop to maintainreactorpressure
automaticallywill be configuredand tuned.

TASK 6 WESTERN SEED STUDIES

Laboratorystudies using "simulated"Westernseed continued. Spent Western
seed is a mixture of potassiumcarbonateand potassiumsulfateplus inerts.
Since potassiumcarbonateis a fresh seed materialfor the channel,there is
no need to regeneratethis component. A modificationto the current
Econoseedprocessconfigurationwould allow potassiumcarbonateto be
separatedfrom potassiumsulfateand inertmaterialvia their different
solubilitycharacteristicsin water. The purposeof these laboratorystudies
is to determinethe amount of water necessaryto solubilizeonly the
potassiumcarbonatecomponentof the seed.

Chemicalanalysisresultsfrom work performedduring the previousreporting
period indicatedinaccuraciesin the samplingtechniquesand experimental
procedures. The experimentalproceduresand samplingtechniqueswere
reviewedand revised_ The new proceduresand techniqueswere implemented
when the laboratorystudiesresumedin October.

Laboratoryscale K2CO3/K2SO4 separationexperimentswere performedon
simulatedspent We_teFn_eed preparedfrom pure reagentsonly. The spent
seed had the followingcomposition(as determinedby the latestMHD system
model which incorporatesa K2CO_/K2S04separationscheme and a
differentfeed coal compositTon-frBmthat used previously):

K2CO_:K2SO4 = 0.59, Na2CO3:Na2SO4 = 0.58, Na2SO4:K2SO4 = 0.007,
and O.3B wt% KCl, all on a welgh_ basis.

Chemicalanalyseswere performedon the solid and liquid phases of the spent
seed/waterslurry. Materialbalanceand ion closureswere within 20%. This
is short of the target for closure.

The resultsof the chemicalanalysesindicatedthat furtherrefinementsto
the revisedexperimentalproceduresand samplingtechniqueswere necessary.
These refinementswere incorporatedand used in separationstudiesperformed
during November to determinethe amountof water necessaryto solubilizeonly
the K2CO3 componentof simulatedspent Western seed. Chemicalanalyses
and material balancesare currentlybeing performedon the solid and liquid
phasesof the slurry. The resultswill be reportedin the next Technical
ProgressReport.
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1.0 INTRODUCTION

This test plan defines the objectives, requirements, and

schedule for shakedown of the Calcium Formate Production unit

(Section 500) of the Econoseed MHD Seed Regeneration Proof of

Concept Facility (SRPF) located at TRW's Capistrano Chemical

Facility (CCF). The test program is being conducted for the

Department of Energy (DOE), Pittsburgh Energy Technology

Center under contract number DE-AC22-87-PC79672.

Aqueous calcium formate [ Ca(COOH)2 ] is used in the

Econoseed process to dissolve and recover the potassium

content of spent MHD seed material (_SO 4 plus mineral matter)

as aqueous potassium formate (KCOOH) while precipitating and

rejecting its sulfur content as gypsum (CaS04). Calcium

formate for the POC operations conducted at CTS is purchased

as a high priced, specialty chemical. On a commercial scale,

however, it is critical for the economics of the Econoseed

process (and to the MHD system as a whole), that calcium

formate be produced at a low cost. "In-house" studies have

indicated that calcium formate has the potential to be

produced from carbon monoxide and lime at a low cost. A

complete description of the Calcium Formate Production POC

unit that was built to test the feasibility of commercializing

this new process is given in the referenced (Appendix A) Final

Design Package for this unit operation.

This document presents the shakedown plan for the Calcium

Formate Production unit. It discusses the hardware and

instrumentation utilized, the sampling, analysis and data

collection requirements, the consumable materials and the

safety precautions to be followed during operation of this

unit. Finally, the shakedown tests for this unit are

described.



2.0 OBJECTIVES

The objective in operating the Calcium Formate Production

unit is to demon3trate the feasibility of producing 20 to 50

pounds per hour of calcium formate from carbon monoxide and

lime. This unit will be operated on an integrated basis to

provide steady state operational information on small scale

versions of commercial equipment and data on process

parameters such as reaction rates, reactant conversions, and

liquid/solid separation rates. The data base generated will

provide the necessary information for scale-up to the size

calcium formate production unit required to support a 300 MW t

Econoseed MHD SRPF plant design.

During shakedown, the Calcium Formate Production unit will

be operated with process feeds - hydrated lime powder,

deionized water, and a mixture of carbon monoxide, nitrogen,

and carbon dioxide gases - at the expected reaction

temperature and pressure for the first time. One objective of

these shakedown tests is to demonstrate the capability of this

unit to elevate slurry to high pressure, compress gas, heat

and transport reactor feeds, react the feeds at the expected

process conditions, and to separate and collect products. A

second objective of these shakedown tests is to verify and

validate the planned sampling and analysis techniques used to

assess the performance of the Calcium Formate Production unit.



3.0 TEST HARDWARE CONFIGURAT_QN

The Calcium Formate Production unit Reactor Feed System is

depicted in Figure i. This system is used to prepare the

reactor feed streams and elevate them to operating pressure

and temperature. Lime slurry feed is prepared in an off-line

batch operation; in a continuously stirred tank (sized to

support at least four hours of POC testing), hydrated lime

powder is added to and is mixed with deionized water heated

with steam in a shell and tube exchanger. A circulation loop

on this tank maintains the lime solids in suspension. During

reactor operation, lime slurry feed is continuously pumped by

the tank circulation pump to a metering pump which then,

elevates the slurry to reaction pressure. Pressurized slurry

is heated to reaction temperature in a countercurrent, coiled

heat exchanger with Syltherm heat transfer fluid on the shell

side (Syltherm is previously heated to the required

temperature in a steam heated shell and tube exchanger).

Bottled carbon monoxide, carbon dioxide, and nitrogen gases

are combined to form a feed gas mixture. The feed gas mixture

is continuously compressed to reaction pressure by a gas

booster. Pressurized feed gas is heated to reaction

temperature in a steam heated double pipe exchanger.

The pressurized, preheat6d, feed streams are continuously

fed to the Calcium Formate Production unit Reaction/Pressure

Letdown/Product Separation/Centrifugation System depicted in

Figure I. These streams are contacted at elevated temperature

and pressure in a two-stage pipe reactor. Each stage contains

tower packing to ensure intimate contact between the reacting

lime slurry and carbon monoxide gas streams. A steam Jacket

maintains the reactor stages isothermal. Pressurized reactor

effluent is cooled in a coiled heat exchanger with cooling

water on the shell side and is then reduced to ambient

3



is separated in a knock-out tank. Gas from the tank is

incinerated to destroy unreacted carbon monoxide. Liquid from

the tank is pumped to a storage tank. In an off-line

operation, the storage tank contents are centrifuged to remove

unreacted lime solids and any calcium carbonate solids formed

in the reaction. The clarified products aqueous calcium

formate (centrate), is collected and stored in drums. The

centrifuge cake is collected and stored in drums.

4
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4.0 REQUIREMENTS

This section summarizes requirements detailed in the

referenced (Appendix A) POC plant Engineering Requirements

Document.

The Calcium Formate Production unit is required, as a

minimum, to demonstrate the ability to:

• Produce 20 to 50 pounds per hour of dilute (i0 - 15
weight %) calcium formate aqueous solution from carbon
monoxide gas and l_me slurry.

® Provide for the measurement of process conditions
(flow, pressure, temperature), and for the sampling of
all feed, product and process streams in order to
assess plant performance.

• Segregate, store, remove, and dispose of all waste
material (solid or liquid) in a lawful and safe manner.

4. l CONSUMABLE MATERIALS

The consumable materials required for shakedown testing are

listed in Table i (along with an estimate of the maximum

usage) .

4.2 INSTRUMENTATION/CONTROLS/DATA ACQUISITION

The data acquisition/process control system which

interfaces with the plant instruments is required to perform

the following tasks:

• measure process and operating condition.data for this
unit operation and record this Informatlon on magnetic
media.

• continuously control and monitor operation of the
calcium formate production unit over a wide range of

operating conditions.



The data acquisition/process control system for this unit

operation has the following on-line capabilities:

• Instant operator access to all information necessary to
operate and troubleshoot process subsystems including;
plant overview displays, group displays, individual
control loop displays, trend displays, and alarm
displays.

e Operator control, either remotely or locally of the
following functions: control loop set point
adjustments, alarm set point adjustment, mode
switching, manual output adjustment.

The data acquisition/process control system provdes for

automated data acquisition and allows for safe, reliable

operation of this unit operation. When warranted, the control

system allows for shut down of the remote high pressure

diaphragm pump and gas compressor as well as remote venting of

each reactor.

4.3 SAMPLING AND ANALYSIS REQUIREMENTS

The Calcium Formate Production unit process has provisions

for taking representative samples of lime slurry feed, carbon

monoxide gas feed mixture, calcium formate product slurry

(prior to centrifugation), product gases (prior to

incineration), centrifuge cake, and calcium formate product

solution for chemical analysis. Feed, product liquids, and

centrifuge cake shall be analyzed for calcium, formate, and

carbonate content. The moisture content of centrifuge cake

will also be analyzed.

4.4 SPECIAL TECHNICAL AND ENGINEERING SUPPORT REQUIREMENTS

In addition to the normal operating crew, chemical facility

technicians and engineers will be called upon (as needed) to

support off-line analysis of process operating data and to

perform chemical analyses on the various solid, liquid, and

gas streams sampled during operation.



TABLE 1. CONSUMABLE MATERIALS, SHAKEDOWN
ECONOSEED MHD SEED RECOVERY AND
REGENERATION POTASSIUMM FORMATE
PRODUCTION POC PLANT CALCIUM
FORMATE PRODUCTION UNIT

MAXIMUM* QUANTITY

ITEM GRADE/SPECIFICATION REQUIRED FOR
SHAKEDOWN

Carbon Monoxide Commercial, gas 32,928 SCF

Carbon Dioxide Commerci_l, gas 1,344 SCF

Nitrogen Commercial, gas 9,696 SCF

Hydrated Lime Commercial, powder 3,552 pounds

Propane Fuel Commercial, fuel grade 1,056 gallons
liquid

Process Water Deionized water prepared 21,600 gallons
at CTS from site water

Cooling Water Recirculated, deionized 92,160 gallons
water prepared at CTS (total
from site water circulation)

Steam Generated from deionized 36,624 pounds
water prepared at CTS from
site water

* Basis: 50 1b/ht calcium formate production over 96 hours
total operation.

8



4.5 DATA ANALYSIS REQUIREMENTS

Ali process operating data and process sample data

collected per Sections 4.2 and 4.3, above, shall be summarized

in a data base which will include physical and chemical

characteristics of the process samples as well as plant

equipment, piping and instrument wear and performance data.

Raw data shall be recorded on magnetic media, in plant

operating and maintenance logs, and on space provided in

Engineering Test Directives.

The data base shall inelude, but not be limited to, the

following:

• Heat and material balances

• Waste stream composition

• Carbon monoxide and lime conversion efficiencies as
a function of the key process variables.

4.6 QUALITY ASSURANCE REQUIREMENTS

This program has no requirements for quality assurance

verifications.

4.7 SPECIAL HEALTH/SAFETY REQUIREMENTS

All of the process chemicals utilized are commonly used in

industry, as are the types of operations and the hardware to

be used. All process chemicals must be used with caution;

especially the carbon monoxide. All operating personnel are

required to be familiar with the physical properties and

health hazards associated with carbon monoxide. The plant was

designed and constructed to capture all automatic and manual

vents of carbon monoxide into a common vent line heading to a

flare for the destruction of carbon monoxide. The flare is

required to be operational before the carbon monoxide cylinder

9
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isolation valves are opened. Personnel when working in the

plant will carry portable gas detectors for carbon monoxide.

Handling and storage requirements for all chemicals

(including waste streams) are listed in Table 2. See the

Safety Hazard Analysis Report (K319.2.92-xxx) for a complete

description of chemical handling and storage requirements and

for all Material Safety Data Sheets (MSDS).

4.8 HAZARD COMMUNICATION/ENVIRONMENTAL AFFAIRS

With the exception of carbon monoxide, none of the chemical

feeds, products, or in-process streams for the calcium formate

POC unit under discussion-are considered to be hazardous

materials. The hazards associated with carbon monoxide (and

any other operational hazards) are discussed in the referenced

(Appendix A) Safety Hazard Analysis Report.

The Calcium Formate Production unit will be operated in a

manner compliant with local, state, and Federal environmental

regulations.

i0



5.0 TEST PROCEDURE REQUIREMENTS

5.1 OPERATING PROCEDURES

The Calcium Formate Production unit utilizes the following

unit operations of the Econoseed MHD SRPF:

• Reactor Feed System (Section 500)

• Reaction/Pressure Letdown/Product Separation/
Centrifugation System (Section 500)

• Potassium Formate Reaction (Section 100)

• Potassium Formate Separation/Washing (Section 200)"

* Section I00 equipment is used to prepare lime
slurry feed.

** Section 200 equipment is used to separate
unreacted lime solids and solid reaction

byproducts from the product formate solution.

• Support Utilities:

- DI Water System (Section 400)

- Cooling Water System (Section 600)

- Steam and Condensate System (Section 800)

Operating procedures have been written for these unit

operations. Personnel conducting the shakedown tests must

have a working knowledge of the components and function of

each of the unit operations within the overall EconoseedMHD

SRPF Production POC plant, have read and be familiar with all

plant operating procedures, wlth the Safety Hazard Analysis

Report, and all other pertinent documents (see list of

references, Appendix A).

5.2 TEST SCHEDULE

Shakedown of the Calcium Formate Production unit is

expected to 1ast for approximately 24 days of 8-hour (single

ii



shift) work days. The operating crew will consist of = 3 men

(a lead man, 2 technicians, and a part time steam plant

operator). Chemical and data analysis will be performed off-

line by the appropriate personnel.

5.3 TEST CONDITIONS

The shakedown tests will be performed with feeds consisting

of aqueous hydrated lime slurry and a carbon monoxide gas

mixture. The tests will be conducted in the composition,

flow, pressure, temperature and residence time regimes

specified in the POC unit Engineering Requirements Document

(summarized below), and will be described in detail in the

Engineering Test Directives.

Range of operating parameters for the Calcium Formate

Production unit:

• Gas flow/feed rate: 185 - 460 SCFH
• Lime slurry flow/feed rate: 215 - 535 ib/hr
• Feed/operating pressure: 500 - 1500 psig
• Feed/operating temperature: 140 - 170 °C
• Reactor residence time: 5 min. max.
• Lime content of slurry: 7 - i0 wt. %
• Feed gas composition: 75 - 90 mol. % CO

i0 - 25 mol. % N2
1 - 3 mol. % CO 2

12
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6.0 SHAKEDOWN TESTS

6.1 PRE-SHAKEDOWN TESTS

Prior to the start of shakedown testing, a checkout will be

conducted to confirm that the processing equipment has been

installed properly. A Test Readiness Review (TRR) will

confirm that all necessary operating procedures have been

prepared and approved, and that all safety precautions

necessary to protect personnel and equipment have been

implemented.

During the equipment checkout preceding the start of

shakedown testing of the calcium formate production unit, the

reactors will have been checked for hydrostatic water

tightness. Deionized water and nitrogen gas will have been

continuously metered into the reactors and then processed

through the pressure letdown and separation systems. This

will allow the system equipment and equipment interconnect

plumbing to be checked for leaks, and will demonstrate the

operability of the circulation loops and pumps, the

centrifuge, the high pressure liquid feed metering pump, the

feed gas compressor, and the pressure, level, and temperature

control valves and intrumentation. A water heating test will

be conducted on the lime slurry heater, and a water cooling

test will be conducted on the reactor effluent cooler during

this check out. These tests will provide information on

baseline heat transfer coefficients for clean tube surfaces.

6.2 SHAKEDOWN TESTS

The shakedown tests will be conducted under the range of

test conditions specified in Section 5.3, above. The duration

of each test will be 4 to 6 hours. A 200 gallon batch of lime

slurry must be prepared before the start of each test. A Test

Directive will be provided for each shakedown test. The

directives will give the specific operating conditions to be
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used in a particular test. Process and waste streams will be

sampled in certain quantities at intervals and locations to be

specified in the Test Directive.

6.3 SHAKEDOWN TEST EVALUATION

During process operations, operators will monitor and

assess the performance and reliability of process equipment,

instruments, and controls in calcium formate service. These

observations and assessments will be recorded in the

operations log.

At the conclusion of a test, material balances will be

performed to verify sampl_ng and chemical analysis procedures.

These balances will also be used to determine whether

operating data acquired during the test is sufficient and

adequate to assess the capability of the calcium formate

production process to meet the design and test requirements.

Any deficiences in process data, sampling, and analysis

methods will be noted and corrected.

The operating log for each test will be reviewed to

determine whether the information presented in the Test

Directives and on the data acquisition/process control

computer display screens is sufficient to operate and

troubleshoot the process. Any deficiencies noted will be

corrected.
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APPENDIX A

REFERENCE DOCUMENTS

• Final Design Package, Econoseed MHD Seed Regeneration POC
Plant, Calcium Formate Production Unit, 5 April 1991, No.
K319.2.91-060

• Engineering Requirements Document for the Calcium Formate
Production POC Plant, April, 1991, No. K319.3.90-040, Rev.
A.

• Operating Procedures forM HD Seed Recovery and Regeneration
POC plant:

- Dilute Potassium Formate Production, Procedure No.
YS-28P-51.

- Concentrated Potassium Formate Production, Procedure
No. YS-28P-52.

- Steam Generation System, Procedure No. YS-28P-53.

- Data Acquisition and Control, Procedure No. YS-28P-54.

- Calcium Formate POC Unit, Procedure No. YS-28P-XX.

• Safety Hazard Analysis Report, K319.2.92-156.

® Sampling and Analysis Plan, K319.2.92-xxx.
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