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1.0 Executive Summary

The following draft final report includes the work presented in the interim report
along with the engineering and test program design of a galvanic sludge
recycling pilot plant.

The text, tables, and drawings included in this report will provide the bases {¢r
construction of the pilot plant.

The report includes the design basis; process system definition; process
description; and test program plan. Tables include materials balances:
equipment guidelines; and general process drawings. Appendices include design
packages.

The project team has been very encouraged by the tasks ~ompleted thus far in
that it has been possible to maintain an objective of simplicity which should
enhance durability. Also, this allows for design from readily available
components and thus greatly enhances the plant’'s serviceability.

Given the assumptions and limitations drawn from the full scale plant design,
and the objective of dual use for the facility (i.e. pilot operations for process
refinement and later use as a transportable commerciaily operable satellite plant)
the project team has not encountered any insurmountable obstacles.




2.0 Process Design

2.1 Design Basis

Table 2-1 summarizes the Design Basis for the Galvanic Siudge Recovery Pilot Plant.
This Design Basis consists of five parts: Capacity; Siting Requirements; Sludge
Composition Limitations; Equipment Inclusion:/Car figuration; and Operating Assumptions.
Together, these detesmine equipment requiremems in terms of scooe (items or units
‘ncluded), sizing and specific features/attributes.

Five aspects of the Design Basis constitute the primary factors in defining the equipment
requirements:

¢  Capacity - It is desired to have a pilot plant capacity of roughly 500 tons of sludge
(as received) per year. This is intended to allow the pilot plant to be used to
"campaign” certain sludges during the more mature periods of the test program
and/or after the test program has been completed. It is assumed that this capacity
would be achieved through seven day per week, 24 hour per day operation. This
would then translate to a daily capacity of about 1.5 tons. Recognizing that the pilot
plant would typically be operated during many test periods at about 60-75%
capacity and only five days per week, the actual throughput during testing would
probably be less than half the design capacity.

s  Transponability - It is desired to have the pilot plant be transportable {nct necessariiy
mobile). In iight of the capacity constraints noted above, a truly mobile pilot plant
would not be feas.ble. Transportability dictates constraints in terms of number,
dimensions and loads for equipment skids to allow over-the-road haulage.

¢ Utilities Availability - It has been assumed that the pilot plant would be located at
facilities where basic utilities would be av:.ilable, principally potable water, power
and compressed air. Thus, generators, compressors and water treatment equipment
are not included in the design.

¢  Siudge Limitations - Restrictions have been placed on the compositions of sludges to
be treated in the pilot plant, at least for the first phases of testing. These
restrictions derive from limitatiors identified during the process development work
and conditions that will minimize the complexity of the system for initial operations.
* s experience is gained with equipment operation and performance, the pilot plant
can be expanded, if needed, with additional equipment as defined during initial
testing to handle more types of sludges and/or improve overall performance.

*  Flexibility/Simplicity - The overriding philosophy in the ilot piant design is to keeg it as
simple and as flexible as possible. In addition to the a:rpects of sludge limitations
and utilities as noted above, this includes the following considerations:

- minimal use of automatic controls;

- decoupling of sequential batch operations to the greatest extent possible;

- maximum use of hoses for interconnecting skids and to a lesser extent
equipment within skids;

- commonality in the selection and design of tanks, pumps, agitators and other
prccess equipment; and,




sizing of support systems wherever possible to allow only one shift operation.

2.2 Process System Definition

2.21

Process System Scope

A complete Galvanic Siudge Recovery plant based upon the preliminary design developed
as a part of the Phase Il effort encompasses seven process areas. For various reasons
discussed previously and noted in Table 2-1, not all process areas are considered either
necessary or desirable for the pilot plant, at least for the initial design and operation. The
seven process areas are listed below; those included in the pilot plant design are shown

in bold.

a)]

(2}

(3)

(4)

(5)

(6)

(7

Sludge receiving and storage - Sludge storage and receiving is assumed to be
provided by the facility at which the pilot plant is installed.

Siudge/solids preparation - Sludge is mixed with (hot) water and milled to a
prescribed particle size distribution.

Sulfuric acid extraction - The milled slurry is extracted in two or three stages with
sulfuric acid. The extract is sent to Metals Recovery and the residue is filtered
and washed for disposai.

Metals recovery - Metal values are precipitated from ‘he extract by treatment in
a succession of steps with limestone and sodium carbonate. The metals are
precipitated as hydoxy, oxide carbonates. Some calcium will also be
precipitated as phosphates and sulfates.

Residue treatment - The residue from sulfuric acid extraction is further treated
with hydrochloric acid and other additives to remove the last traces of metals,
especially lead and. perhaps, small amounts of cadmium among other difficult
to extract metals. This system is not considered essential for the initial pilot
plant operation given the limitations on sludge compaosition, so equipment
requirements are provided only as an option. Laboratory scale testing of residue
treatment should be conducted in parailel with the pilot plant operation, as
required, to confirm residue tr.:atment equipment requirements.

Sodium sulfate crystallization - Sodium sulfate is recovered from the liquor by
crystallization with recovered water recycled for reuse. A crystallization system
to recover sodium sulfate has not been included. Not only would the cost be
quite high, but more importantly, the design parameters are not yet well-
defined. Solutions generated during initial test periods after pilot plant
shakedown will need to be sent to crystallization system suppliers for
evaluation and subsequent design specification

Auxiliary support systems - Auxiliary systems include bulk chemical storage and
feed systems, scrubber systems, ang utilities. The pilot plant design is
predicated on provisions for storage of bulk chemicals and effluent liquors in
either existing onsite tankage or transportable tankage. Utilities are assumed to
be available. Scrubber systems are provided only for control of potentially
significant emissions from the acid extraction area.




2.2.2 Prncess Flow and Centrol Diagrams

A combined Process Flow Diagram (PFD} and Piping and Instrumentation Diagram (P&ID)
has been prepared entitled 2 Process Flovw and Control Diagrat 1 {PFCD). This type of
diagram is used for process systems where there are a imited number of unit operations
and control concepts are relatively uncomplicated. *he PFCDs are provided in Drawing
Numbers 95-547-171Q and -111,

These PFCDs define the basic system configuration and delineate the major process
system equipment requirements.

2.2.3 Process Material Balances

Four complete Material Balances have been prepared in support of the Pilot Plant design
effort. The assumptions and conditions prescribed for these Material Balances are
provided in Table 2-2. The four Material Balances accompany the PFCD and are labeled
Orawing Numbers 95-547-100 A, b, C and D.

2.2.4 P:ocess Equipment Lists

A Frocess Equipment List is provided in Table 2-3. This listing denotes all the principal
process equipment and identifies equipment type, nominal operating conditions,
minimum materials of construction and special features, where periinent and the extent
that they can be defined in the development of the process desigr package. The list
covers ail process areas required for the initial Pilot Plant system. It also includes several
options that may be desirable based upon results of initiai tests as well as a preliminary
list for the Residue Treatment area which is not expected to be required.

2.2.5 Process !nstrumentation Lists

Two Process Instrument Lists are provided. One for In-Line Instrumentation given in
Table 2-4A; and, one for Off-Line Instrumentation given in Table 2-4B. The latter
includes only that instrumentation required in the Pilot Plant itself o monitor and control
operations. It does not include analytical instrumentation required to perform chemical
analyses.

2.3 Design Considerations

2.3.1 Equipment Specifications

Considerations in equipment selection are provided in Table 2-5. These are not
requirements, rather suggestions and factors to be taken into account in preparing the
detailed design and cost estimates.




2.3.2 Equipment Layouts

While 2quipment layouts are the prerogative of the detailed design function, preliminary
layout concepts have been developed as a starting point for the detailed design. These
preliminary concepts derive from an initial assessm.enrt of legical skid configurations
based upon considerations of equipment functionality and overall equipment
transportability. Table 2-6 shows an example of a skid schedule; and, Drawing Number
95-547-115 shows preliminary general arrangements {layouts and section views) for
several representaiive skids. It must be reiterated that these should be considered
preliminary and exemplary in nature.




SECTION 2: PROCESS DESIGN TABLES AND DRAWINGS




Table 2-1. Pilot Plant Design Basis

Capacity

¢ 500 metric tons per year of sludge {as received)

Siting Requirements

¢ Equipment is to be transportable, preferably skid mounted (not necessarily mobile)

* An existing building/enclosure is available for equipment installation with:
- adequate heating and ventilation
fire protection as required
- safety showers and eye washes
- area containment for spills and leaks

* Adjacent, contained and covered storage is availabie for sludges and residues

e Battery Limits utilities and services are available, as follows:
- power
- compressed air
- makeup water
- hot water (optional)

s  Onsite bulk sterage for chemicals is available as fol.ows:
- concentrated sulfuric acid (33-38%) - tanker trucks can be used
- concentrated sodium hydroxide {50%) - tanker trucks can be used
- waste sodium sulfate liquor (8-20%) - tanker trucks can be used
- sodium carbonate {powder or in ~15% solution}
- limestone {poxsder)

*  Onsite or offsite disposition of the treated liquor effluent is availabie
Sludge Composition Limitations

*  Basic sludge types - The system is not uesigned to accommodate the following:
- chloride sludges such as those obtained from HCI pickling operations
- liquids or siudges containing free-draining liquids
- oily sludges

*  Sludge compositions - The following limits apply to the sludges treated:

- Low chloride content - this limitation relates to the constraints on disposition of
the treated effluent liquor

- No cyanide - provisions have not been included to destroy cyanides

- No mercury - the system is not designed to handle mercury in any form

- Arsenic < 0.05 wt% - the system is not designed to handle arsenic

- Low lead content (< 0.1 wt%)

- Fefll}/Fe(lll) ratio < 0.1 - the system does not have provisions to oxidize Felll)
to Fellll). This was studied during bench scale testing and was not adequately
resolved. Further study/analysis is required




Table 2-1. Pilot Plant Design Basis {Continued)
Equipment Inclusion/Configuration

System configuration will essentially be a mini-version of the preliminary full scale design
entailing a series of batch operations. The following subsystems/equipment, though, are
either not included or modified in the pilot plant design.

s  Scdium Sulfate Crystallization - A crystallization system to recover sodium sulfate
from the effluent liquor has not been included because the cost would be quite high
and the design parameters are no. yet well-defined. Solutions generated during
initial test periods after pilot plant shakedown will need to be sent to crystallization
system suppliers for evaluation and subsequent design specification. A preliminary
specification for the liquor composition has been provided as a part of this package.
It is assumed that the liquor can be transported to a pulp and paper mill for
dispnsition.

¢ Residue treatment system - This system is not consicered essential for the initial
pilot plant operation, so equipment requirements are provided only as an option.
Initial operation needs to focus on solids preparation, sulfuric acid extraction and
byproduct recovery. Thus, low lead content sludges should be tested first. Once the
operational requirements and performance aspects of these areas have been
determined, then consideration can be given to the need for and requirements of a
residue treatment system. Laboratory scale testing of residue treatment should be
conducted in parallel with the pilot plant operation, as required, to confirm residue
treatment equipment requirements.

* Vent gas scrubbing systems - A full scale facility would be expected to have a
number of vent gas scrubbing systems. These will be limited in the pilot design.

{1) Control of sulfuric acid mist from the acid extraction area tanks - All the tanks
in the sulfuric acid extraction area have the potential for sulfuric acid emissions,
especially the acid mix/feed tank, the hot/warm acid extraction tanks, and the
first stage dilute acid dissolution tank during initial solids/slurry feed when CO,
offgassing can carry entrained acid. The amount of emissions will depend upon
the design of these tanks and the cperating procedures. A sodium hydroxide
scrubber unit is provided to capture acid mist emissions from these tanks.

{2) Control of hydrochloric acid mist from the residue treatrient area - The acid
mix/feed tank, the residue extraction tank, and the extraction liquor hold tank
have potential for HCl emissions; however, this system is not being instailed
initially.

{3) Recovery of CO, offgas from the first stage acid extraction tank and the
byproduct precipitation reactors - This is primarily for economic considerations
and to minimize any greenhouse gas emissions. This is not considered
necessary or desirable for the pilot plant given the greater degree of complexity
involved in trying to capture and recover the small amounts of CO, emitted in
this scale of operation.




Table 2-1. Pilot Plant Design Basis {Continued)
Operating Assumptions

*  Overall - Normal operaticn is assumed to be five days per week, three shifts per
day. To achieve design capacity with most sludges it may be necessary to operate
seven days per week. This will be dependent upon the number of stages of acid
extraction required and the cycle times {see below).

*  Solids Preparation Area - Solids/slurry milling is assumed to have the cepacity to
operate one shift per day.

*  Acid Makeup - The sulfuric acid makeup subsystem in the Acid Extraction Area is
assumed to be operated one shift per day.

* Acid Extraction Area Stages - Three stages of acid extra-.tion have been provided in
the design; however, bench-scale testing has indicated that it may be possible to
complete acid extraction in two stages for many sludges.

* Acid Extraction Area Cycle Times - A six-hour cycle time has been assumed in the
equipment sizing. This is consistent with the most conservative resuits from bench-
scale testing. Four-hour cycle times may be achievable.




Table 2-2. Pilot Plant Naterial Balances

Four complete material balances have been prepared for the expressed purpose of
developing equipment specifications and determiring operating requirements. A number
of simplfying assumptions, therefore, have been made in the material balance
calculations rather than speculating on the details of the chemistry that need to be
verified by the pilot plant operations.

e All filter cakes are assumed to be 50% solids.

¢ Three displacement washes are indicated for filtered sludge residue and two for

filtered precipitates. These are assumed to remove all dissolved solids.

e  Partitioning/precipitation of metals as a function of pH are rough estirnates.

¢ Calcium phosnhates are assumed to precipitate as Ca,{P0O,), at pH ievels of 6 and
above. {Actually, at pH levels of 5 to 7.5, calciun ohosphate may precipitate
preferentially as Ca,HPO,.)

¢  Sodium carbonate can be fed either as a solution or a slurry. The solution is 15%
solids; the slurry is 40% total solids (15% solution + 25% suspended solids).

e The vent scrubber is not explicitly shown in balances because of the uncertainty in
the tank designs; however, it is implicitly included, since it is an internal loop. All
sulfuric acid mist is assumed to be captured in the scrubber and all Na,SO, formed
in the scrubber is returned to the Metals Recovery Area.

Material Balances Cases

Assumptions/

Conditions

Optimal
Operatinn

Typical

Typical
Campaign

Differentiating
Characteristics

» Low Solids

* Mod Alkalinity
e Mod
insolubles

Composite

e Avg Solids

* Mod Alkalinity
* Mod
Insolubles

¢ High Solids

¢ Low Alkalinity
¢ Low Insolubles
* High Cr.P

* High Solids
e High
Alkalimty

e Low

Acid Extraction

Cycle Time {H)

Moetals Recovery

Na,CO, Feed

15% Solution

15% Solution

10

15% Solution

40% Slurry




Table 2-3. Pilot Plant Process Equipment List
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Table 23.

Pilot Plant Process Equipment List (Continued)

Process Area Tag Number | Number Capacity Type/Description Nominal Conditions Mauteriais | Special Requiremeants
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Table 2-3.

Pilot Plant Process Equipment List (Continued)
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Table 2-4A.

Pilot Plant Instrument List - On-line Instruments

On-Line Measurements*

Process Area Equipment Pressure
Tag Number Leve: | Temp.| |niet | Outier| PH | Flow Other/Comments

Solids Preparation (Area 100) ,
Vessels ‘

Milled Salids Sluniy V101 & V102 A \ \ | |'

1 1

; |

Feed Solids Ball Mill B121 i } IMotor Amps

hds Feeders i i

Mill Feed Conveyor C122 ’ | ‘Bolt Speed Indication

‘ ‘ : Weight Indication and Totalizer

Punmps ‘ |

Slurry Transfer P101 & P102 i | ! ‘

Water to Mill vee \ b2

Water to Slurry Tanks ’ l LG
Acid Extraction (Area 200) | 1‘ l

1st Stage Extraction V201 VA | ’ ‘

13t Stuge Feed Liquor V202 1A | :

2nd Stage Extraction V203 /A | l

2nd Stage Feed Liquor V204 1A ] | '

3rd Stage Extraction V205 m | ‘ |

Acid MivFeed V208 VA | l

Vent Gas Scrubber V207 WA | ) |
Cnl

|
Residue Filters §221 & 5222 | | ’} ! .
|

13t & 2nd Stage Exiraction P201 & P202 [ | ! ;

Other Extraction Liquor P202,P204 & P205 ‘ i ‘ )An Feed Pressure indication

Acd Feed P208A & 20688 | oy :

Scrubber Recwculation P207A & 2078 l Ny ! .
Lines | ) \

Water Flow to Acid Mix Tank | ! ! L)

Acid Fiow 10 Acid Mix Tank l ‘ ] ' Coua

Acid Flow to 18! Stage Extraction ! i ; vova

Acid Flow lo 2nd Stage Extraclion ! ! e I

Acid Flow to 3rd Stage Extraction ! ; ‘ 1Q

Water Flow lo 1st Stage Extraction | [[e]

Water Flow to 2nd Stage Extraction | i a

Water Flow to 3rd Stage Exiraction ! 1Q

Wash Water Flow to Residue Filter . | i ' aQ

Seal Water to Pumps 201 & 203 -- ' [ ‘ uQ

Sturry Flow (rom V-201 10 §-223
Slutry Fiow from V-203 to S-224
Scrubber Recirculation

Flow indicators (o be "sirap-on” lype
(e g . Doppler meters) _J




Table 2-4A. Pilot Plant Instrument List - On-line Instruments (Continued)
On-Line Measurements*
Process Area Equipment Pressure
Tag Number Level | Temp. intet | Outlet pH Flow Other/Comments
Metals Recovery {Area 300) : : ] |
Vessels ! | i |
Pre-Neutralizatlion/F eed Vv3ao1 VA | ! I !
Extra Tank - Interim Storage/Reaction V302 & V303 17 N ' | A ;
1st Stage Precipitation V304 VA | I : [
2nd Stage Precipitation V305 WA ! | | ; i [
. 3rd Stage Precipitation V306 17 ‘ | | P
- Sodium Hydroxide Mix/Feed V307 WA ' ' i w
Sodium Carbonate SolutionMix/ Feed vaos 1A \ r i ; |
Limestone (Other) Slurry Mix/Feed V309 A 1 ; 1 | ;
S 1
Byproduct Filters $311-5313 ! i Lo k i |
Pumps ‘ | | ' ] ;
Neutralization, Precipitation & Storage Tanks P301-P306 ! ! |Air Feed Pressure Indication
Sodium Hydroxide Feed P307 { } ! | !
Sodium Carbonate Solution Feed P308 : A | ‘
Limestone(Other) Slurry Feed Pl09 i : iAir Feed Pressure Indication
Lines ! : !
Sodium Hydroxide Feed to Vent Scrubber ‘ Q
Sodium Hydroxide to Pre-Neutralization o I
Water to Sodium Carbonate Solution Tank I B
Water to Slurry (Limestone/Soda Ash) Tank I
Sodium Carbonate to Pre-Neutralization N T[e ]
Sodium Carbonate to 1st Stage Precipitation 11Q
Sodium Carbonate to 2nd Stage Precipitation m
Sodium Carbonate to 3rd Stage Precipitation i 1o I
Limestone (Other) to 1st Stage Precipitation fo
Limestone (Other) to 2nd Stage Precipitation Ile} "
Limestone (Other) to 3rd Stage Precipitation | 1Q |
Wash Water to Byprodict Fillers(3) i | v
Overall System ! |
Lines ! ! !
Total Water : ' Loy
Total Water to each Area ] ’ ) T
Water on each Hose ‘ ’ | 1Q
Notations
A Local Alarm
1 Local Indication
Q  Local Totalizer
15




Table 2-4B. Pilot Plant Instrument List - Off-line Instruments

Instrument Description

Instrument Requirements/Comments

Solids Preparation
* Roll-on weigh scale (1)
» Solids (Slurry) screening set-up (1)

Acid Extraction
» Bench top pH meters (2)

Cart weight p us one ton of solids
To measure grinding performance of ball mill

High sodium electrodes

Metals Recovery
+ Roll-on weigh scales (2)
* Bench top pH meters (2)

Cart weight plus one ton of solids
High sodium electrodes

Overall System

+ Singie pan analytical balances (2)

* Microwave ovens (2)

+ Assorted labware for 2cid/base titrations
* Spring density meter

Complete set-up for dcidity and alkalinity titrations

16
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Drawing No. 95-547-10CA
Sludge-Composite
Cycle Times (h):
|Extraction ¢
_|Byproduct (]
Acid_Stolchlometry 1.3
CapacRy Factor 0.6
I
Stream Number 25 26 27 28 29 30 N 32 33
Stream Description Liquor Limesione ct Sodium Polymer Precipitate | Wash Water | Flter Cake Liquor Limeston
Filrate Carbonate Shurry (Washed) Filtrate  [Sodium Cat
40% 15% 40%
Composlitions _kg/day kg/day kg/day kg/day kg/day kg/day kg/day kg/day kg/da)
Cations
Ag 0.00 0.00 .00 0.00
Al 15 03 15.03 15.03 0.00
As 0.0 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00
Ca 4.06 41.41 45.47 41.92 3.55 0
Cd 1.74 1.74 0.00 1.74
Co 0.06 0.06 0.00 0.06
iCr 11.40 11.40 11.39 0.01
‘ 19.80 19.80 16.25 a.5s
lFeitomi 0.59 0.59 0.45 0.14
K 0.60 9.60 0.00 0.60
Mg 8.47 6.47 0.02 6.47 -
Mn 0.47 0.47 r.47 0.00 .
luo 0.00 0.00 0.00 0.00 -
Na 250.32 18.94 277.27 0.00 277.27 _
| 16.20 16.20 0.00 16.20 -
) 0.00 1 0.00 0.00 0.00 .
Sb 0.00 0.00 0.00 0.00
Sn 1.74 1.74 0.00 1.74 .
Te 0.00 0.00 0.00 0.00 .
Ti 0.00 .00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 L
Zn 42.60 42.60 0.00 42.60 —
Sublotal Metal Cations 379.00 41.41 18.94 439.44 85.50 353.94 0
H (Acidity as H+) 0.00 0.00 0.00 0.00 *
Totai Cations 379.09 41.41 18.94 439.44 85.50 353.04 0
Anione —
CH 0.00 .00 0.00 0.00
CO3 (Tolal) 0.00 62.12 24.71 86.83 86.39 0.43 0
- ja 0.60 0.60 0.00 0.60 _
PO4 (Totar 72.00 72.00 66.37 5.63 a
SO4 (To.a)) 701.27 701.27 0.2 701.27
Total Anions 773.87 62.12 24.71 860.70 152.77 707.93 0
Tolal Salta 1,152.97 [ 103.23 43.65 1,300.14 228.27 | 1,061.87 0
[inort 0.00 5.18 _ 008 |  s.25 5.25 0.00 )
Total Sotids 1,152.07 108.70 43.65 0.08 1,305.39 243.52 1,061.87 0
[H20 7,108.45 163.08 247.37 37.590 7,556.48 487.04 24352 ] 7,636.94 [
€02 Ges -
—_——— ——— — ——— = — —_—
"ﬂ Stresm 8,261.42 271.76 201.02 37.67 | 8.861.67 487.04 487.)4 |  8.698.81 o
Loading (kg/cycle 2,065.36 67.94 72.76 9.42 2,215.47 121.76 121.76 | 2,174.70 0
Maximum Flow (Vm) §9.24 1.36 2.06 62.97 4.08 €3.64 0
fﬂ_ulmum Temp (C) 30 _
Wi% Tolal Solids 14.0 40.0 15.0 0.2 14.7 0.0 50.0 12.2 0.0
Wi% Insoluble Solids 0.0 40.0 0.0 " 2.7 0.0 50.0 2.0 0.0
6.0£0.25 _
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™Y

30 k3] 32 33 34 35 36 37 38 39
» Water | FRer Cake Liquos Limestone or Sodium Polymer Pracipiiate | Wash Water | Fiter Cake Liquot
(Washed) Fittrate Cs Carbonate Slurry {(Washed) Fillrate
40% 15%
/day kg/day kg’/day kg/day kg/day kg/day kg/day kg/day kg/day kg/day
0.00 0.00 0.00 0.00 0.00
15.03 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
41.82 3.55 0.00 3.55 3.55 0.00
0.00 1.74 1.74 1.74 0.00
0.00 0.06 0.06 0.06 0.00
11.39 0.01 0.01 0.01 0.00
16.25 3.55 3.5 3.55 0.00
0.45 0.i4 0.14 0.14 0.00
0.00 0.60 0.60 0.00 0.60
0.0C 6.47 6.47 4.56 1.91
0.47 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 277.27 55.09 332.36 0.00 332.36
0.00 16.20 16.20 16.20 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 1.74 1.74 0.00 1.74
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.00 42.80 42.60 42.60 0.00
85.50 353.94 0.00 55.09 409.03 72.42 336.61
0.00 0.00 0.00 0.00 0.00
85.50 353.04 0.00 55.09 409.03 72.42 336.61
0.00 0.00 0.00 0.00 0.00
86.29 0.43 0.00 71.88 72.29 71.50 0.79
0.00 0.60 0.60 0.00 0.60
66.37 5.63 5.63 5.63 0.00
0.00 701.27 701.27 0.00 701.27
162.77 707.93 0.00 71.86 779.79 77.13 702.66
238.27 | 1,061.87 0.00 126.95 1,186.82 14955 | 1,030.27
5.25 0.00 0.00 0.08 0.08 _ 0.08 0.00
243.52 1,061 .87 | 0.00 126.95 0.08 1,188.90 149.63 1,039.27
437.04 243.52 7,656.94 0.00 719.37 41.78 8,398.09 299.27 149.63 8,547.72
— ———— ——— — e ———
487.04 487.04 8,608.81 0.00 846.31 41.87 9,566.99 299.27 299.27 9,566.99
121.7v 121.76 2,174.70 0.00 211.58 10.47 2,396.75 74.82 74.82 2,398.75
4.08 63.64 0.00 5.99 69.98 2.49 71.23
30
0.0 £0.0 12.2 0.0 15.0 0.2 12.4 0.0 50.0 10.8
0.0 50.0 3.0 0.0 0.0 0.2 1.6 0.0 50.0 0.0
9.0£0.5 2.040.6
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Drawing No. 95-547-100A
Sludge-Composite i
Cycle Times (h): R
|Extraction (3 .
|Byproduct 3 -
Acid Stoichiometry 1.3] .
CapacRy Factor 0.6
1
Stream Number 10 11 In Tank 12 13 14 15 16 17 14 15 16 17 18 19 20 21 22 23 24
|Stream Description Exiraction Sodium infermediate Sodium  |Carbon Dioxidel Precipilate | Wash Waler | Fiered Solids Liquor Precipliale | Wash Wate: | Fillered Solids L Limestone of Sodum__ [Caston Polymer PrecipRtate | Wath Water | Filler Cake
Liquor Hydroxide | PreNeutralized | Carbonate Offgas Slurry (Washed) Flra' - Shurry (Washed) Fitrate Catborald Carbonate Oligas Shurry (Washed)
0% Liquor 15% i 40% 15%
|Compositions kg/day kg/day kg/day kg/day _kg/day kg/day kg/day kg/day kg/dz * _ kg/day kg/day __kg/day _kg/day ___kgrday _kp/day kg/day __kgiday kg/day kg/day kg/day
[Cations
Ag 0.03 0.03 0.03 0.03 Ct 0.03 0.03 0.00 0.00 0.00
Al 15.03 15.03 15.03 0.00 1<t 15.03 0.00 15.03 15.03 0.00
[As 0.09 0.09 0.09 0.09 C1 0.03 2.09 0.00 0.00 0.00
|Bs 0.00 0.00 0.00 0.00 C 0.00 0.00 0.00 0.00 0.00
ICa 4.06 4.06 4.06 0.00 4 4.08 0.00 4.08 4.06 0.00
ICd 1.74 1.74 1.74 0.00 1 1.74 0.00 1.74 1.74 0.00
Co 0.06 0.06 0.06 0.00 C 0.06 0.00 0.06 0.06 0.00
ICt 11.40 11.40 11.40 0.00 1 11.40 0.00 11.40 11.40 0.00
Cu i9.80 19.80 19.80 3.00 1< 19.80 0.00 19.80 19.80 0.00
|Fe(Tolal) 62.03 62.02 62.03 0.62 6 62.03 0.62 61.41 6%.41 60.82
X 0.60 0.60 0.60 0.00 C 0.60 0.00 0.60 0.60 0.00
|ﬁ 8.47 6.47 6.47 0.00 t 6.47 0.00 6.47 6.47 0.00
Mn 1.62 1.62 1.62 0.00 1.62 0.00 1.62 1.62 1.15
Mo 0.00 0.00 0.00 0.00 C 0.00 0.00 0.00 0.00 0.00
|Na 17.40 162.67 180.07 1.17 181.24 0.00 18- 181.24 0.00 181.24 77.08 258.32 0.00
] 16.20 16.20 16.20 0.00 1t 16.20 0.00 16.20 16.20 0.00
|Pb 0.03 0.03 0.03 0.03 C 0.03 0.03 0.00 0.00 0.00
Isb 0.00 0.00 0.00 0.00 ( 0.00 0.00 0.00 0.00 0.00
ISn 1.74 1.74 1.74 0.00 S 1.74 0.0 1.74 1.74 0.00
Te 0.30 0.30 0.30 0.30 C. 0.30 0.30 0.00 0.00 0.00
Ti 0.06 0.08 0.08 0.00 (. 0.06 0.00 0.06 0.06 0.06
Tl 0.06 0.06 0.06 0.06 C. 0.08 0.08 0.00 0.00 0.00
Zn 42.60 42.60 42.60 0.00 4. 42.60 0.00 42.60 42.60 0.00
Subtotal Metal Caticns 201.32 162.67 363.09 1.17 365.16 1.13 36-. 365.16 1.13 364.04 0.00 77.08 441.12 82.04
H (Acidity as H+) 7.13 0.05 0.00 0.00 . 0.00 0.00 0.05 0.00 0.00
Total Catlons 208.45 162.67 364.05 1.17 365.16 1.13 36. 365.16 1.13 364.08 0.00 77.08 441.12 82.04
Anions
OH 0.00 120:23 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00
CO3 (Total) 0.00 0.00 1.53 1.27 1.27 T, 1.27 1.27 0.00 100.54 90.30 99.30
) 0.60 0.60 0.60 0.00 ‘. 0.80 0.00 0.80 0.60 0.00
|PO4 (Total) 72.00 72.00 72.00 0.00 7.. 72.00 0.00 72.00 72.00 0.00
|SO4 (Total) 701.27 701.27 70¢.27 0.00 70 701.27 0.00 701.27 701.27 0.00
Tolal Anions 773.87 120.23 773.87 1.53 77515 1.27 77. 775.15 1.27 773.87 0.00 100.54 87318 | 99.30
Tolal Salts | 982.33 282.90 1,137.92 2.70 1,140.31 2.40 1,13 1,140.31 — 2.40 1,137.66 0.00 177.63 1,314.30 161.34
Inert [ 0.00 4 0.00 0.00 0.00 ‘ 0.00 0.00 | 0.00 0.07 0.07 0.07
Total Solids 982.33 282.80 1,137.92 2.70 1,140.31 | 2.40 1,13 1,140.31 2.40 1,137.96 0.00 177.63 0.07 1,314.37 161.41
H20 5!477.50 282.90 5,887.80 15.28 5,800.77 4.80 2.40 5,90 §,900.77_ 4.80 2.40 5,805.56 0.00 1,008.55 34.56 3,785.64 322.81 161.41
CO2 Gas 0.19 1 _ — 0.91 ]
Tolsl Stream 6,450.92 [ 565.81 7,025.73 17.98 0.19 7,041.08 4.80 4.80 7,04 .  7,041.08 4.80 4.80 7,043.52 0.00 1,184.18 0.91 34.63 8,100.01 322.81 322.01
L
|Loading (kg/cycle) 1,614.98 141.48 1,756.43 4.50 0.95 1,7680.27 1.20 1.20 1,76 - 1,760.27 1.20 1.20 1,7680.68 0.00 206.04 0.23 8.60 2,025.00 80.70 80.70
[Maximum Flow (Vm) 45.65 2.36 49.07 0.13 49.17 0.04 4 49.17 0.04 49.21 0.00 8.39 56.55 2.69
[Maximum Temp (C) 40 40 35 s 30
Wt% Total Solids 15.2 50.0 16.2 15.0 0.0 16.2 0.0 50.0 16 ! 16.2 0.0 50.0 16.2 0.0 15.0 0.0 0.2 16.2 0.0 50.0
Wt% insoluble Solids 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.( 0.0 0.0 0.0 0.0 0.0 0.0 0.2 2.0 0.0 5§0.0
umj -1 2.540.25 2.7510.25 2.7510.25 3.2510.25
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Drawing No. 95-547-100A ~
[Siudge-Compesite |
lqg- Times (h):
|Extraction [ ]
Jaypeoduct [
Acld StelchiemeWy 1.3
Capecity Facter .6
1
Streem Number 1 2 3 3 5 G 7 ]
Stresm Description Basls Feed Shudge |Makeup Water| Miled Shury | Sulluric Acid [Makeup Water] Sulluric Acid Carbon Dioxide] Wash V- s 7 8 e 10A 108 10C 100 10€ 10F 10G
Dry Solkds 0% 25% 93% 20% Ofigas ] su.;:wcum WachWater |  Washed istSage | 1stStage | 2ndStage | 2ndStage | 2ndSiage | 3rd Stage | 3vd Stage
: * Ofigas Residue Sharry Shudge Sty Extract Shudge Sy
Composhions _gm/kg | koiday giday | kgiday kgiday | kgiday kg/d: . = Extract
jcations kgiday kg/day kpiday kg/day kg/day day kg/day kg/day kgiday
Ag 0.05 3.03 0.03 = kp/day kpiday
Al 30.00 18.00 18.00 0.00
s 0.15 0.09 0.09 2.97
Ba 0.50 0.30 0.30 0.00
| 74.00 44.40 44.40 0.30
_fcd 2.90 1.74 1.74 40.34
0.10 0.08 0.06 0.00
I 19.00 11.40 11.40 0.00
_Fu 33.00 19.60 19.80 0.00
Fe(Tolal) 105.50 €3.30 63.30 0.00
3 1.00 0.60 0.60 1.27
ng 11.00 6.6¢ 6.60 0.00
Wn 2.70 1.62 1.62 - 0.13
Mo 0.00 0.00 0.00 0.00
ln- 29.00 17.40 17.40 0.00
N 27.00 16.20 16.20 0.00
() 1.00 0.60 0.60 0.00
£) 0.00 0.00 0.00 0.57
Sn 2.90 1.74 1.74 0.00
Te 0.50 0.30 0.30 0.00
Ti 3.60 2.16 2.16 0.00
m 0.10 0.06 0.06 2.10
Zn 71.06 42.60 42.60 0.00
Sublotal Metal Callons 415.00 248.00 249.00 0.00 0.00 0.00 .00
TH (AciiRy s H+) 0.00 0.00 0.00 16.05 16.05 0.00 a7.68
Totsi Calions 415.00 249.00 249.00 16.05 0.00 16.05 16.05 0.00
Artore - 16.05 47.68
oA 160.00 96.00 96.00
CO3 (Tokal). 164.00 98.40 98_40 0.00
] 1.00 0.60 0.60 0.00
lpoa (Tots]) 120.00 72.00 72.00 0.00
SO4 (Tokal) 90.00 54.00 54.00 770.61 770.61 0.00
Totsl Anlons $35.00 321,00 321.00 770.61 0.00 770.61 0.00 ) 770.61 12334
Tolal Selts 950.00 570.00 570.00 766.67 0.00 766.67 0.00 v 17061 _0.00 0.00 123.34
inert 50.00 30.00 30.00 0.00 0.00 ML ¥86.67 n.00 0.00 171.01 ] .
Totel Solids 1,000.00 €00.00 600.00 786.67 0.00 786.67 0.00 . 0.00 30.00 = =
—_— —
H20 1,400.00 400.00 | 1,800.00 59.21 3.087.45 | 3,146.66 2.26 ec2 786.67 0.00 0.00 201.01
03 Gas .00 .00 5.00 72.16 < 1 3146866 2.26 603.04 201.01 | 6,072.65 59508 | 456002 | 4,143.74 437.18 | 3,563.84 | 3.985.86
——— —— = . = |
Tolel Streem 2,000.00 400.00 2,400.00 845.88 3,087.45 | 3,933.33 74.42 6000 72.16
Y i | 3,933, ; > =
|ﬁ"—'—(‘-'¢’—‘l°'i 25000 5600 55500 ST ] 55333 TXT) T 33.33 74.42 803,04 402.02 | 7,462.45 | 1,002.53 | 5,873.41 5,136.87 736.54 | 4,660.87 | 4,8670.88
Maximem Flow (Vm) 302 2573 26.22 s 983.33 18.60 150.76 100.51 1,865.61 250.63 | 1,468.35 | 1,264.22 184
. 865, . , ,264. A3 1 1,167.47 | 1217.72
Maximen Tomp (C) 30 8% 40 30 25 a5 g 26.22 5.03 50.61 406 ] 38.17 34.53 364 20.87 2 i re
Wi% Totsl Sokids 30.0 25.0 93.0 0.0 20.0 0.0 0 85 20 30 20 :
W% _insoluble Sofids 30.0 25.0 0.0 0.0 0.0 0.0 0 29,0 0.0 0.0 55.0 8.6 40.6 22.0 793 206 233 T
[p#] 0.0 0.0 0.0 0.0 3.0 30.0 3.8 0.0 30.0 4.3 0.0




A R : - e
- -~
Drawing No. 95-547-1008 — L
[studge-Composite _
Cycle Times (b}
JExtraction 4
| o a
Acid Stolchlometry 1.1
Capacity Feclor 0.6
Stroam Newmber 1 1 2 3 4 S [ 7 8
Sweam Description Bast Feed Maksup Water] Milled Slurry | Sulhssic Acid | Makeup Water] Sulluric Acid [Carbon WashW -~ ] 7 ) ® 10A 108 10C 100 10 10F 106
Ovy Solids 5% 25% 93% 25% Ofigas : s.n;;;w Catbhon Dicoddel Wash Water | Washed 1sl Stage Not Not Not 1siStage | dStage | 3rd Stage
Compesiions gmkg kg/day kg/day kg/day kog/day kg/day __kg/da Ol ) Aised Used Used Shudge Shavy Extract
kglday kg/da
5 0.0 0.03 .03 1 | bg/day | kpiday koiday | kpiday | koiday kgiday | piday kpiday kpidsy Rgioay
30.00 18.00 18.00 500
s 0.15 0.00 0.09 2.07
0.5 0.30 0.30 0.00
Ia 74.00 44.40 44.40 0.30
foa 2.90 1.74 1.74 a1.26
0.10 0.06 0.06 000
—% 79.00 71.40 11.40 0.00
33.00 19.80 19.80 0.00
‘Fo(Toul) 10550 63.30 63.30 0.00
i 1.00 0.60 0.60 1.27
11.00 8.60 6.60 — 0.00
_% 2.70 1.62 1.62 0.13
0.00 0.00 0.00 0.00
_% 28.00 17.40 17.40 0.00
I 27.00 16.20 16.20 0.00
) 1.00 0.60 0.80 0.00
"‘IT 0.00 0.00 .00 0.58
Sn 2.90 1.74 1.74 — o-58
Te 0.50 0.30 0.30 00
Ti 3.60 2.16 2.16 0.00
T 0.10 0.06 0.06 2.10
Zn 71.00 42.60 42.60 2.19
Sublotal Metal Cations 415.00 249.00 249.00 0.00 0.00 0.00 000
JH (AcidRy 2 He) 0.00 0.00 0.00 13.58 13.58 0.00 48.60
Total Cations 415.00 249.00 249.00 13.58 0.00 13.58 13.58 .00
= 13.58 48.60
o 160.00 96.00 96.00
CO3 (Total) 164.00 98.40 98.40 55
1.00 0.60 0.60 0.09
PO4 (Tokal) 120.00 72.00 72.00 0.00
[soa (Tots) 90.00 54.00 54.00 652.06 652.00 .00
Totsl Anions $35.00 321.00 321.00 652.06 0.00 €52.06 0.00 c > -
652.00 125.55
Total Selts 950.00 570.00 $7¢.00 665.64 0.00 665.64 0.00 0 652.06 0.00 0.00 125.55
et 50.00 30.00 30.00 0.00 0.00 665.64 0.00 0.00 174.15
Total Solds 1,006.00 00.00 600.00 685.64 0.00 665.64 0.00 0 "0.00 30.00 — 1
20 | 1,114.29 685.71 | 1,800.00 50.10 | 1.946.62 | 1,996.92 2.26 612 665.04 0.00 0.00 204.15
CO2 Gas 0.00 0.00 0.00 72.16 1,096.92 2.26 612.45 204.15 | 4,024.50 50037 | 2.587.20 | 2.095.59
1,714.29 €85.71 | 2,400.00 715.74 | 1,046.82 | 2.662.58 74.42 o1, 0.00 72.16
TR 1439 400,00 1939 32447 74376 5 4G 10z 2.662.56 74.42 612.45 408.30 | _6,202.67 1,010.37 | 2,672.03 | 3,877.08 |
30 s %0 T z'suz 55 22 3 443.76 12.40 102.07 88.05 | 1,033.78 768.40 812,16 840.18
— 11.09 3.40 27.36 3.28 14.37 16.64
35.0 25.0 93.0 0.0 25.0 0.0 0.C e5 20 . 30 -
35.0 25.0 0.0 0.0 0.0 0.0 0.r 25.0 0.0 0.0 50.0 20.6 41.6 29.6 22.7
0.0 0.0 0.0 50.0 4.9 30.0 5.8 0.0
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Drawing No. 95-547-1008
Sludge-Composite
Times (h):
IEnncuu 4
|Byproduct 4
Acld Stoichiometry 1.1
Capaciy Factor 8.8
e
Streem Nember 10 11 in Tank 12 13 14 15 18 5
Sweem Description Exiraction | Sodum | inlermediatle | Sodtum  [Carbon Dicxidel Precipliate | Wash Waler | Filered Sobds| Lk 15 AL 17 18 19 20 21 22 23 24
50% Liquor 15% (Washed) Filrate ‘::m" 0'2';':“ Ofigas Swrry (Washed)
ComposRions kg/dsy kg/day kg/day kg/day kg/day kg/d>y kg/day kg/day kg-
— ple: S kg/day kpiday kgiday kg/day kp/day kgiday | kgloay kg/day kpiday | kgiday
0.03 0.03 0.03 0.03
15.03 15.03 15.03 0.00 23 0.03 0.00 0.00 0.00
0.09 0.09 0.9 0.09 3 0.00 15.03 15.03 0.00
0.00 0.00 0.00 0.00 F 0.00 0.00 0.00 0.00
=) 3.4 3.4 3.14 0.00 pic 0.00 0.00 0.00 0.00
ICd 1.7¢ 1.74 1.74 0.00 4 0.00 3.14 314 0.00
Co 0.06 0.06 0.06 0.00 4 0.00 1.74 1.74 0.00
= 11.40 11.40 11.40 0.00 3 0.00 0.06 0.06 0.00
ICu 19.80 19.80 19.30 0.00 B 0.00 11.40 11.40 0.00
Fe{Total) 62.03 62.03 62.03 0.62 20 0.00 19.80 19.80 0.00
Ix 0.60 0.60 0.60 0.00 e 0.62 61.41 61.41 60.95
I% 6.47 6.47 6.47 0.00 o 0.00 0.60 0.60 0.00
1.62 1.62 1.62 0.00 : 0.00 6.47 6.47 0.00
Mo 0.00 0.00 0.00 0.00 32 0.00 1.62 1.62 1.25
|Na 17.40 106.12 123.52 117 124.69 0.00 120 0.00 0.00 0.00 0.00
lu 16.20 18.20 16.20 0.00 59 0.00 124.69 77.33 202.02 0.00
I 0.02 0.02 0.02 0.02 20 0.00 16.20 1620 0.00
[ 0.00 0.00 0.00 0.00 : 0.02 0.00 0.00 0.00
Isn 1.74 1.74 V.74 0.00 10 0.00 0.00 0.00 0.00
Te 0.30 0.30 0.30 0.30 - 0.00 1.74 1.74 0.00
Ti 0.08 0.06 0.06 0.00 : 030 0.00 0.00 0.00
T 0.06 0.06 0.06 0.06 - .00 0.06 0.06 0.06
Zn 42.60 42.60 42.60 0.00 : 0.06 0.00 0.00 0.00
Sublotal Metal Cations 200.40 106.12 306.52 1.7 307.69 192 220 0.00 42.60 42.60 0.00
H (Acidity as H+) 4.66 0.04 0.00 0.00 9 1.12 308.57 0.00 77.33 383.90 62.27
Tolal Cations 205.06 106.12 308.57 1.17 307.69 1.2 2390 0.00 0.03 0.00 0.00
59 1.12 306.61 0.00 77.33 383.90 62.27
oH ¢.00 78.44 .00 .00 0.00 .
CO3 (Total) 0.00 0.00 1.52 1.27 1.27 g 0.00 0.00 0.00 0.00
i 0.60 0.60 0.60 0.00 7 1.27 0.00 100.87 99.62 99.62
PO4 (Tolal) 72.00 72.00 72.00 0.00 30 0.00 0.60 0.60 0.00
|04 (Totar) 580.51 580.51 580.51 0.00 20 0.00 72.00 72.00 0.00
Total Anlons 653.11 76.44 653.11 1.52 654.38 1.27 a;; °-g<7’ 5$80.51 580.51 0.00
Total Salts 858.16 184.56 959.67 2.69 962.07 2.39 ! 1.2 653.11 0.00 100.87 752.73 99.62
] 500 — 500 %00 000 a7 2.39 950.71 0.00 178.20 1,130.63 161.89
Totsl Solide 858.16 | 1684.56 959.67 2.6L 962.07 2.39 "3: :':: — T 000 006 9.00
H20 4,334.13 184.56 |  4,801.75 15.26 4.614.70 a.78 230 | 46: : §59.71 0.00 178.20 0.06 | 1,136.09 181.94
='———=l=====comu == ) 4.78 230 | 4,619.48 0.00 | 1,009.79 20.15 | 5,495.84 ~323.89 181.94
—_— L4 -
Totel Stresm 5,102.20 360.13 | 5.561.42 17.96 0.19 | s5.576.77 2.78 478 | 5:: —t EL 1 I S—
I "7 4.78 4.78 | 5,579.19 0.00 | 1,187.99 0.91 28.20 | 6,632.53 323.89 323.89
Loa Kgicycla) 865.38 01.52 926.90 2.09 0.03 929,46 0.80 0.80 4
Maximem Flow (Vm) 24.00 1.03 25857 0.08 25.64 0.03 36 0.80 0.80 929.87 0.00 198.00 0.15 4.70 1,105.42 53.98 53.08
‘L“m;fw © %0 70 35 & 0.03 25.66 0.00 5.61 30.53 1.80
W% Totsl Solids 16.5 $0.0 17.3 15.0 0.0 17.3 0.0 §0.0 1. a0
Wi% insoluble Solide 0.0 0.0 0.0 00 00 50 0.0 A 0.0 50,0 17.2 0.0 15.0 0.0 0.2 17.1 0.0 50.0
-1 2.510.25 2.7530.25 - 0.0 0.0 0.0 0.0 0.0 0.2 24 0.0 50.0
~s 3.2510.25
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Drawing No. 95-547-100B
Siudgs-Composite
Cycle Times (h):
[Extraction 4
|8yproduct 4
Acid Stolchiometry .1
Capacily Feclor 0.6
Tsnla_-'iﬁw 25 26 27 28 29 30 31 32 30 31 32 33 34 35 38 37 38 39
Stream Description Liquor Limesione or Sodium Polymer Precipitate | Wash Water | Filter Cake Liquor Limesash Water | Fiter Cake Liguor Limestone or Sodium Polymer Precipiste | Wash Water | Filler Cake Liquor
Firate  [Sodum Carbonstd  Carbonate Shurzy (Washed) : Filtrate  [Sodksr (Washed) : Fitrate  [Sodum Camonatd Casbonate Slurry (Washed) Filtrate
| 40% 15% 1 - | 40% 15%
[Composiioas _kg/day H kg/day kgiday kg/day kg/day kg/day kg/day ; kg/day k rgiday kg/dsy _kg/day kg/day kg/day kog/day kg/day | kg/day kg/day kg/day
i
Ag 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00
Al 15.03 15.03 15.03 0.00 15.03 0.00 0.00 0.00 0.00
As 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ICa 314 42.33 45.47 42.56 291 42.56 2.91 0.00 2.01 2.91 0.00
Cd 1.74 1.74 0.00 1.74 0.00 1.74 1.74 1.74 0.00
Co 0.06 0.06 0.00 0.06 0.00 0.06 0.06 0.06 0.00
Ct 11.40 11.40 11.39 0.01 11.39 0.01 0.01 0.01 0.00
ICu 10.80 19.80 16.89 2.91 16.89 2.91 2.91 2.0 0.00
|Fe(Total) 0.46 0.46 0.35 0.12 0.35 0.12 0.12 0.12 0.00
K 0.60 0.60 0.00 0.60 0.00 0.60 0.60 0.00 0.60
Mg 6.47 6.47 0.00 6.47 0.00 6.47 6.47 4.88 1.58
Mo 0.37 0.37 0.37 0.00 0.37 0.00 0.00 0.00 0.00
Mo 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N 202.02 18.14 220.17 0.00 220.17 0.00 220.17 55.21 275.37 0.00 275.37
| 16.20 16.20 0.00 16.20 0.00 16.20 16.20 16.20 0.00
IPn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
|} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sn 1.74 1.74 0.00 1.74 0.00 1.74 1.74 0.00 1.74
Te 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zn 42.60 42.60 0.00 42.60 0.00 42.60 42.60 42.60 0.00
Sublotsl Metal Cations 321.64 42.33 10.14 382.11 86.59 295.52 86.59 205.52 0.00 55.21 350.73 71.43 279.30
H (AcidRy ss H+) (0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tolal Cations 321.63 42.33 18.14 382.11 86.59 295.52 86.59 295.52 0.00 §5.21 350.73 71.43 279.30
Anions . ': ~
[OH 0.00 0.00 0.00 0.00 0.00 0.00 C T 0.00 0.00
ICO3 (Total) 0.00 63.50 23.67 87.16 86.73 0.43 86.73 0.43 0.00 72.01 1454 71.85 0.79
a 0.60 0.60 0.00 0.60 0.00 0.60 0.60 0.00 0.60
[PO4 (Total) 72.00 72.00 67.39 4.81 67.39 4.81 4.61 4.61 0.00
1SO4 (Total) 580.51 580.51 0.00 §80.51 0.00 580.51 580.51 0.00 580.51
Total Anions 653.11 63.50 23.67 740.27 154.12 5868.15 154.12 586.15 0.00 72.01 658.15 76.26 5§81.90
Total Salts 974.74 105.63 41.81 1,122.38 240.71 06167 _ 240.71 681.87 0.00 127.21 1,008.89 147.69 861.20
Inert 0.00 5.29 0.06 5.35 §.35 0.00 5.35 0.00 0.00 0.07 0.07 0.07 0.00
Tots! Solids 974.74 111.12 41.81 0.06 1,127.74 246.08 861.67 246.06 881.67 0.00 127.21 0.07 1,008.06 147.76 861.20
20 5,819.73 166.68 236.93 31.12 6,254.46 492.13 246.00 6,333.84 492.13 246.06 6,233.84 0.00 720.87 35.27 7,089.09 205.52 147.76 7,237.78
CO2 Ges 1
|1'ou| Stream T 6,704.47 277.80 278.74 31.18 7,362.20 492.13 492.13 7.215.52 492.13 402.13 7,215.52 0.00 848.08 35.34 8,008.94 205.52 | 205.52 | 8,008.04
L 1
Loading (kg/cycls 1,132.41 46.30 46.48 5.20 1,230.37 82.02 82.02 1,202.59 82.02 82.02 1,202.59 0.00 141.38 5.80 1,340.82 49.25 49.25 1,349.62
Maximam Ficw (Um) 32.33 0.93 1.32 2.73 35.19 2.73 35.19 6.00 4.00 1.64 40.21
Meximom Temp (C) 30 30
Wi% Totsl Solide 14.3 40.0 15.0 0.2 15.3 0.0 §0.0 12.2 0.0 §0.0 12.2 0.0 15.0 0.2 12.5 0.0 50.0 10.6
IWt% insoluble Solide 0.0 40.0 0.0 0.2 3.3 0.0 50.0 0.0 0.0 §0.0 0.0 0.0 0.0 0.2 1.8 0.0 $0.0 00 |
6.010.25 9.0£0.5 9.010.5




Drawing No. 95-547-100C
[
Timss (h):
Extraction [
[ |Byproduct [
Acld Stoichiometry 1.2
CapecRy Factes 0.6
L 5 6 7 8 —
Swesm Number 1 2 3 4 [ 7 B [ 10A 108 10C 100 10E 10F 10G
" [Stream Description Busis Feed Skudge | Makeup Water| Milled Shurry | Sulluric Acid |Makeup Water| Sulturic Acid [Carbon Dioxidel Wash V205 103rbon Dioxide] Wash Waler | Wached ist Siage | st Stage | 2nd 2nd 2ndStage | rd Stage | 3rd Stage |
Dvy Solids 40% 25% 83% 20% Ofigas 20% Ofigas Residue Sty Shudge Skary Extract Shudpge Slurry Extract
[Composhtions gmikg kg/day kg/day kg/day kg/day _kg/day _kg/d~ Siday xg/day kg/day kg/day kg/day kg/day kg/day kg/day | kg/day kg/day kg/day
A 0.00 0.00 0.00 0.00
45.60 27.40 27.40 453 -
As 0.39 0.23 0.23 0.00
) 0.22 0.13 0.13 o33
Ia 120.62 72.37 72.37 =528
| ] 0.01 0.01 0.01 X
Co 0.05 0.03 0.03 0.00
| 7} 868.18 51.69 51.69 0.00
4.48 2.69 2.69 o0
Irc(toul) 20.68 12.41 12.41 ¥
|3 3.62 2.17 2.17 000
14.65 8.70 .79 XD _
E 1.81 1.00 1.00 e
o 0.00 0.00 0.00 0.00
a 26.43 17.06 17.06 0-00
N 46.52 27.81 27.91 0.00
) 0.39 0.23 0.23 021
Sh 0.00 0.00 0.00 0.00
Sn 0.86 0.52 0.52 0.00
Te 0.39 0.23 0.23 0.00
i 0.01 0.01 0.01 0.01
T 0.00 0.00 0.00 0.00
Zn 39.63 23.78 23.78 .00
Sublotal Metal Cations 414.56 248,74 248.74 0.00 0.00 0.00 0.00 73.55
TH (AcidRy as H+) 0.00 0.00 0.00 16.39 16.39 16.39 0.00
Totsi Cations 414.56 248.74 [ 248.74 16.39 0.00 16.39 TR 73-65
Anions
oH 192.09 115.79 115.79 555
CO3 (Total) 14.22 8.53 853 )
5] .48 5.60 5.69 o
[~ [PO4 (Totan) 318.78 191.27 191.27 358
[So4 (Tota) 28.43 17.06 17.06 786.80 786.80 786.80 189.67
Totel Anions 563.90 338.34 338.34 766.80 0.00 766.80 0.00 78660 5700 5700 180.67
Tolal Selts 978.46 587.08 587.08 803.19 0.00 803.19 0.00 303 79 5.00 500 36323
inert 21.54 12.92 12.92 0.00 0.00 560 — 12 92
[Totel Sokds 1,000.00 600.00 600.00 803.19 0.00 803.19 000  “3o3.is =00 .00 576 74
H20 900.00 900.00 | 1,800.00 60.46 | 3.152.30 | 3.212.75 9.20 b 212.75 0.20 828.42 276,14 | 3,399.16 70916 | 5,054.72 | 4,474.19 580.53 | 3,793.28 | 4.345.56
02 Gas — 0.00 0.00 0.00 6.25 0.00 6.25
—_————— e ———— > e = e ——
Totel Siream 1,500.00 900.00 | 2,400.00 083.64 | 93,15230 | 4,015.94 6.45 015.94 6.45 $28.42 552.28 | 7,875.08 | 1,190.35 | €,456.87 | 5.,482.43 074.44 | 4,090.38 | 5,266.52
I hg/cycie) 375.00 225.00 600.00 215.91 788.07 | 1,003.89 1.61 2 7503.99 1.61 Z07.11 138.07 | 1,060.09 20759 | 1,614.22 | 1,370.81 243.61 1,247.60 | 1,316.63
|Inlm- Flow (Vm) 4.00 26.27 26.77 26.77 6.90 3.33 5.91 42.12 37.28 4.84 31,61 36.21
Maximum Tomp (C) 30 85 40 30 25 65 85 %0 %0 0
W% Totel Sokids 40.0 25.0 93.0 0.0 20.0 0.0 0°20.0 0.0 0.0 50.0 18.8 40.4 21.7 18.4 40.4 24.0 17.5
%& insciuble Solide 40.0 25.0 0.0 0.0 0.0 0.0 20,0 0.0 0.0 50.0 4.5 30.0 4.5 0.0 30.0 5.5 00 |
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Drawing No. 95-547-100C
Sludge-ELZETT 1
Cycle Timee (h):
|Extraction s
|Byproduct 3
Acid_Stoichlometry 1.2
“epacky Faclor 0.6
I
Stream Number 10 11 In Tank 12 13 14 15 16 17
Stream Description Extraction Sodilum inlermediate Sodium  [Carbon Dioxide! Precipate | Wasn Water | FiRered Solds Liqual
Liquor Hydroxide | PreNeutraized | Carbonate Ofigas Sturry fWashed) Filtray
50% Liquor 15%
[Composikions kg/day kg/day kg/day kg/day _kg/day kg/day kg/day kg/day kg/da
[Cations
[Ag 0.00 0.00 0.00 0.00 0,
Al 22.88 22.88 22.83 0.00 22
As 0.23 0.23 0.23 0.23 [
Ba 0.00 0.00 0.00 0.00 [
iCa 4.11 411 4.11 0.00 4.
Cd 0.01 0.01 0.01 0.00 [
iCo 0.03 0.03 0.03 0.00 0
Cr 51.60 51.69 51.69 0.00 51,
cu 2.69 2.69 2.69 0.00 2
Fe(Total) 12.16 12.16 12.16 0.12 12,
Ix 2.17 217 2.17 0.0 2
3 8.61 8.61 8.61 0.00
Mn 1.09 1.09 1.09 0.0 a
Mo 0.60 0.00 0.00 0.00 .
|Na_ 17.06 212.50 229.55 0.54 230.10 0.00 23
N 27.91 27.91 27.91 0.0) 2
| &) 0.03 0.03 0.03 0.03
ISb 0.00 0.00 0.00 0.00
fsn 0.52 0.52 0.52 0.00
Te 0.23 0.23 0.23 0.23
Ti 0.00 0.00 0.00 0.00
i 0.00 0.00 0.00 <0
Zn 23.78 23.78 23.78 0.00 2
Sublotal Metal Catlons 175.18 212.50 387.69 0.54 386.23 0.61 as
[H ‘Acidity as H+) 9.30 0.06 0.00 0.00
Total Cations 184.49 212.50 387.74 0.54 388.23 0.61 38
Anlons
CH 0.00 157.06 0.00 0.00 0.00
CO3 (Total) 0.00 0.00 0.7% 0.59 0.59
c 5.69 $.69 5.60 0.00
]P0 (Total) 191.27 191.27 191.27 0.00 191
{SO4 (Total) 814.19 614.19 614.19 0.00 614
Total Anions 811.14 157.08 811.14 0.71 811.73 0.59 511
Total Salts 995.63 369.56 1,198.88 1.25 1,199.96 1.20 1.1
inert 0.00 0.00 0.00 0.00
— s —
Total Solids 995.63 369.56 |  1,198.008 1.25 1,199.06 1.20 1,1
H20 5,690.00 369.56 6,225.86 7.11 6,231.80 2.41 1.20 6,23
CO2 Gas 0.09
Lmlol Stream 6,605.63 739.11 7,424.74 8.36 0.09 7,431.76 2.41 2.41 7,43
|Loading (kg/cycle) 1,671.41 184.78 1,856.19 2.09 0.02 1,857.94 0.60 0.60 1,8
Maximum Flow (Vm) 47.42 3.08 51.88 0.06 51.03 0.02 S
Maximum Temp (C) 40 40 35
Wi Total 8oiids 14.9 §0.0 16.1 15.0 0.0 16.1 0.0 50.0 16.
Wi% Insoiuble Solide 0.0 0.0 0.0 9.0 0.0 0.0 00 ___o©.
[ -1 2.540.25 2.7510.25




7o [/
~
16 17 18 19 20 21 22 23 24
Filered Solids Liquor Limestone or Sodium  [Carbon Dicxidel  Polyms: Precipitate | Wash Water | Filler Cake
Washed) Fikrate Cabonatd Carbonate Offgas Shury (Washed)
40% 15%
kgiday kg/day kg/day kg/day kg/day kgiday ~_kglday kg/day kg/day
0.00 0.00 0.00 0.00
0.00 22.88 22.8¢ 0.00
0.23 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 4.11 4.11 0.00
0.00 0.01 0.01 0.00
0.00 0.03 0.03 0.00
0.00 51.69 51.69 0.00
0.00 2.69 2.69 0.00
0.12 12.04 12.04 11.41
0.00 2.17 2.17 0.00
0.00 8.61 8.61 0.00
0.00 1.09 1.09 0.59
0.00 . 0.00 0.00 0.00
0.00 230.10 14.76 244 .86 0.00
0.060 27.91 27.91 0.00
0.03 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.52 0.52 0.00
0.23 n.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
0.00 23.78 23.78 0.00
0.61 387.62 0.00 14.76 402.38 12.00
0.00 0.05 0.00 0.00
0.61 387.67 0.00 14.768 402.38 12.00
0.00 0.00 0.00 0.00
0.59 0.00 19.26 19.02 19.02
0.00 5.69 5.69 0.00
.00 191.27 191.27 0.00
0.00 6'4.19 614.19 0.00
0.59 811.14 0.00 19.26 830.16 19.02
1.20 | 1,198.81 0.00 34.02 1,202.54 | 31,02
0.00 0.00 0.08 0.06 0.06
1.20 1,198.81 0.00 34.02 0.08 1,232.60 31.08
1.20 6,234.21 0.00 192.77 32.13 6,428.10 82.16 31.08
— 0.17
e ——————t
2.41 7,433.02 0.00 226.78 0,17 32.20 7,860.70 62.16 §2.168
0.60 1,858.25 0.00 56.70 0.04 8.05 1,815.18 15.54 15.54
51.95 0.00 1.61 53.87 0.52
a0
50.0 16.1 0.0 15.0 0.0 0.2 16.1 0.0 50.0
0.0 0.0 0.0 0.0 0.2 0.4 0.0 50.0
3.2510.25
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Drawing No. 95-547-100C
Sludge-ELZETT
Times (h):
|Extraction ]
|Byproduct ]
Acld_Stoichiometry 1.2
CapacRy Factor 9.6
I -
Stream Nuember 25 26 27 28 29 30 31 32 i
1T 32 33 34 35 36 37 38 30
Stpem plion o sctone of | _Sodbum | Polymer P"sf,’:y"" Wash Waler i:v:'&‘:)' e ¥RerCaks | liuor | Umestons or | Sodum | Polymer | Preciplale | Wash Water | Fites Gl | Ui
40% 15% 2. (Washed) Filtrate Carbonate Stury (Washed) FiRiate
! 40% 15%
Compoaition kg/da kgl kg/ kg/d kg/d 3 kg/d kg
o aldey o Kaltey gdey | Noidsy plday 970ay gldar glday 9" hgiday | Wgiday | Wgiday | piday | giday | Wgiday | piday | wgiday | piday
Ag 0.00 0.00 0.00 0.00 )
Al 22.88 22.88 22.08 0.00 0.00 0.00 0.00 0.06 0.00
As 0.00 0.00 0.00 0.00 22.08 0.00 0.00 0.00 0.00
Ba 0.00 0.00 0.00 0.00 g'gg :'g: °-:: 0.00 0-3
Ca 431 111.92 116.03 112.79 3.25 - : 9. 000 0.
Cd 0.01 0.01 0.00 0.01 112.79 3.25 4.77 8.02 8.02 0.00
Co 0.03 0.03 0.00 0.03 0.00 0.01 0.01 0.01 0.00
Cr 51.69 51.69 51.66 0.01 0.00 0.03 0.03 0.03 0.00
Cu 2.60 2.69 0.00 2.69 51.68 0.01 0.01 0.01 0.00
Fe(Total) 0.62 0.62 0.49 0.13 0.00 2.69 2.69 2.69 0.00
K 217 217 000 EXE 0.49 0.13 0.13 0.13 0.00
8.61 861 000 o610 0.00 217 2.17 0.00 217
an 0.50 0.50 0.50 0.00 0.00 8.61 8.61 6.84 1.77
IMo 0.00 0.00 0.00 0.00 0.50 2.00 0.00 0.00 0.00
Na 244.86 0.00 244.86 0.00 244,86 0.00 0.00 0.00 0.00 0.00
I 2791 3781 500 5701 0.00 244.86 48.49 293.35 0.00 293.35
) 0.00 0.00 0.00 500 0.00 27.91 27.91 27.91 0.00
Sb 0.00 0.00 .00 .00 0.00 0.00 0.00 0.00 0.00
Sn 0.52 0.52 0.00 0.52 0.09 0.00 0.00 0.20 0.00
Te 0.00 0.00 0.00 .00 0.00 0.52 0.52 0.00 0.52
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i] 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zn 23.76 23.78 0.00 23.76 :-:g 2;’-3: zg-;’: 23-;’: :-:g
Sublotal Melal Cations 390.28 111.92 0.00 502.30 186.34 313.96 : : - : :
TH (Acidity as F) .05 500 5.00 500 186.34 313.96 477 48.49 367.22 69.42 297.81
: : : : 0.00 0.00 0.00 0.00 0.00
Total Calions 390.43 111.92 0.00 502.30 188.34 313.96 TIEY 57506 7 YT 387 37 9.42 55789
oH 0.00 0.00 0.00 0.00
0.00 0.00 0.0 0.00 0.00
co3 ) - o ) ) 84
C (Totan) : :g 167.68 0.00 "’; :: “z g: g-:g 167.05 0.84 718 63.25 71.24 70.05 1.19
[PO4 (Totai) 191.27 191.27 178.58 12.69 ees ‘:':: S D) >89
[SO4 (Total) 614.19 614.19 0.00 614.19 500 "‘-“ IPRT] . YR
Total Anions 811.14 167.88 0.00 979.02 345.62 633.40 ) 33562 63340 T 5335 5330 ‘g-gg e;t';e
: - . 481, . 47, z = = = = = : :
"%‘;' Saits "“; zz 2:: :: 9.00 = ! ‘:: :: "’:: :: 2 : :: ‘T 53308 | 94796 193] 11173 1,071.02 152.16 | vis.8e
. . : - : = : 14.06 0.00 0.60_ 0.08 0.67 0.67 9.00
Totsl Solide 1,201.57 293.79 0.00 0.07 | 1,495.36 548.02 947.36 r—— T — — S 2 2
H20 Rk R . } 965, ,096. 48, 7,072.93 = = = - : : o : -
T 8.490.20 44069 9.00 34.65 | ©.965.60 | 1.096.04 548.02 o ~ . 548.02 ] 7,072.03 18.78 633.16 38.62 | 7,763.50 305.67 152.83 | 7,897.55
ream 83 . ; . 460, . : ,020. — —
Totel B 7,601.83 134.48 9.00 34.72 | 046006 | 1.000.04  1,000.04.1 9.020.30 1,096.04 | 8.020.30 31.90 744.89 38.70 | 8.635.20 | 30567 | 305.67 | 8.816.47
diag_(kg/cy 922, ) ; ) 118, : ‘. ,005.07
"{.::.....,. :k,:, @ ! °§f :: “; :§ g 32 960 L 2 ';: :: 27; ?; 27401 1 2 °g: ) 274.01 | 2,005.07 7.83 186.22 9.68 | 2.208.60 76.42 76.42 | 2,204.10
Maximum Tomp (C) * - - 30 - . 58.04 0.16 5.28 84.70 2.55 85.81
[Wi% Totai Solids 15.6 40.0 0.0 0.2 17.7 0.0 50.0 11.8 e 30
[WtX Inscivbie Soiids 0.0 40.0 0.0 0.2 65 0.0 50.0 0.0 e —39.0 11.8 40.0 15.0 0.2 12.1 0.0 50.0 10.4
[pH] 36:03% -~ %00 0.0 40.0 0.0 0.2 1.7 0.0 50.0 0.0
— 9.020.5 9.0:0.5
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Drawing No, 95-547-100D
[Skidge-BHG
{Cycis Times (W):
[Extraction s
Byproduct ] -
Acid_Stoichlometry 1.2
[Capechy Fectot 0.6
1
[|Stweem Number 1 2 3 4 5 (] 7 8
Siream Descriptioa Basic Feed Shxige [Makeup Water] Milled Surry | Sulluric Acid | Makeup Water| Sulluric Acid [Carbon Dicodde] WashW: _6 7 8 9 10A 108 10C 100 10E 10F 10G
Dry Solids 50% 25% 93% 20% Ofigas ‘uric Acid_ [Carbon Wash Water |  Wasted isiStage | 161 Stage | ond Stage | 2nd Stage | 2nd Stage | 3rd Stage | i Stem
20% Oligas Residue Shary Shudge Shurry Extract Shudge Shaty Extract
Compositiens gm/kg kp/day kg/day kg/day kgiday kg/day kg/da, - —
Qlday y _kgiday kg/day kg/day kg/da ca K
5 oo 50 560 g/da y kg/day kg/iday | kpiday | koiday kpiday
Al 1.70 1.02 1.02 0.00
As 0.00 0.00 0.00 0.7
o= 0.31 0.19 0.19 .00
ICa 331.22 108.73 198.73 _ 0.19
Icd 0.01 0.01 0.01 84.38
Co 0.00 0.00 0.00 0.00
Cr 0.04 0.03 0.03 0.00
cv 20.59 12.35 12.35 0.00
IFe(Total) 2.33 1.40 1.40 0.00
X 0.07 0.04 0.04 0.03
_FSL 17.01 10.21 10.21 0.00
Mn 5.00 0.05 .05 0.20
_:}i 0.00 0.00 0.00 0.00
Ne 2.95 1.77 1.77 0.00
N 0.00 0.00 0.00 0.00
In 1.61 0.97 0.97 0.00
S 0.00 0.00 0.00 0.94
Sn 5.82 3.49 3.49 0.060
Te 9.03 0.02 0.02 0.00
n 0.04 0.03 0.03 0.00
i 5.00 0.00 0.00 0.03
Zn 1.16 0.70 0.70 0.00
Subtotal Metal Cations 385.00 231.00 231.00 0.00 0.00 0.00 0.00
TH (Acidry as H+) 0.00 0.00 0.00 13.84 13.84 0.06 8594
Tolsl Cations 385.00 231.00 231.00 13.84 0.00 13.84 13.84 0.00
13.04 85.94
IOH 8.05 5.37 §.37 B
COa (Total) 304.37 182.62 182.62 0.00
0.90 0.54 0.54 0.00
[PO4 (Total) 246.18 147.71 147.71 0.00 1
S04 (Votal) 35.81 21.48 21.48 664.55 664.55 0.00
Total Anlons —596.20 357.72 357.72 664.55 0.00 €64.55 6.00 C 664.55 305.16
Totsl Sakts 98170 | 588.72 586.72 678.40 0.00 678.40 0.00 c..864.55 0.00 0.00 20516
inert 18801 _ 11.28 ~ 11.28 0.00 0.00 876.40 | _ 0.60 0.00 20110
ltml Sofids 1,000.00 600.00 600.00 678.40 0.00 678.40 0.00 ¢.—0:00 — 11.28 L
[w20 | 600.00 | 1,200.00 | 1,800.00 $1.06 | 2,662.53 | 2,713.59 4.10 90;. 878.40 | 0.00 0.00 | _302.38 — ==
ol S 000 .00 ~0.00 133021 J13.59 | 419 907.13 302.38 | 5,938.41 763.70 | 4,725.25 | 4,082.13 643.12 | 3,356.71 | 306146
Total Stream 1,200.00 1,200.00 | _ 2,400.00 729.46 | 2,662.53 | 3,301.09 138.11 90/._0.00 133.92 = ~
L ——— ——
Cosding Pajeyei) r— 50000 <5550 5798 4555 4806 353 72¢ 20100 138.11 907.13 804.75 | 721219 | 1,255.04 | 6,007.83 | 4,950.30 | 1,057.52 | 4,440.51 | 4,751.80
|Maximom Flow (Vm) 3.38 22.19 22.61 >~ 848.00 34.53 226.78 15119 | 1,803.05 313.08 | 1,501.96 1,237.58 26438 | 111238 | 1,187.07
Maximem T 30 85 40 30 25 85 22.61 7.56 49.49 8.36 39.38 34.02 5.6 | 2797 3301
Wi% Totsl Solids 50.0 25.0 93.0 0.0 20.0 .0 0.0 65 20 30 40
{WiX nsoluble 3olids 50.0 25.0 0.0 0.0 0.0 0.0 0.0 20.0 .0 0.0 50.0 17.7 39.2 21.3 17.5 39.2 24.6 16.6
(eI 0.0 0.0 0.0 50.0 52 30.0 5.3 0.0 30.0 6.8 0.0




~ — N -
Drawing No, 95-547-100D
FSWBHG
Cycle Times (h):
|Extraction &
18yproduct s
Acid_Stelchlometry 1.2
fCapecRy Fector 9.6 i
I :
[Sweam Number 10 1 in Tank 12 13 14 15 16 1 s 6 - 5 = - .
[|Sweam Description Extraction Sodium Intermediate Sodhum  [Carbon Dioxidel FPrecipltate | Wash Waler | Fiered Solids Lig--~: 1 22 23 24
Liquor Hydrouide | PreNeutraized | Carbonate Ofigas Skrry (Washed) Fits—_Wash Water | Fllered Solice Ligquor Limestons or Sodium  [Carbon Dicxidsl  Polymes Preciplate | Wash Water | Filar Cake
50% Liquor 15% : (Washed) Filirate soo.wc:uuu Cal‘b;;uu Offigas Shary (Washed)
[Compesitions __kp/day kg/day kg/day kg/day kg/day kg/day kg/day kg/day kg/--¢
iCations ! " kgiday kg/day kg/day kg/day kp/day kg/day kg/day kg/day kg/day | kgiday
q 0.00 0.00 0.00 0.00 :
0.85 0.85 0.85 0.00 : 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 : 0.00 0.85 0.85 0.00
0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00
= 114.35 114.35 114.35 0.00 1:a .00 0.00 0.00 0.00
Ca 0.01 0.01 0.01 0.00 - 0.00 114.35 114.35 0.00
Co 0.00 0.00 0.00 0.00 2 0.00 0.01 0.01 0.00
Cr 0.03 0.03 0.03 0.00 ¢ 0.00 0.00 0.00 0.00
Cu 12.35 12.35 12.35 0.060 - 9.00 0.03 0.03 0.00
[Fe(iotah) 1.37 1.37 1.37 0.01 2 0.00 12.35 12.35 0.00
1 0.04 0.04 0.04 0.00 3 0.01 1.35 1.35 0.79
10.00 10.00 10.00 0.00 ! 0.00 0.04 0.04 0.00
0.05 0.05 0.05 0.00 i 0.00 10.00 10.00 0.00
o 0.00 0.00 0.00 0.00 i 9.00 0.05 0.05 (039
INa 1.77 169.97 171.74 0.03 171.77 0.00 1-- 0.00 0.00 0.00 0.00
| 0.00 0.00 0.00 0.00 i 0.00 171.77 0.68 172.43 0.00
) 0.02 0.02 0.02 0.02 ‘ 0.00 .00 0.00 0.00
isb 0.00 0.00 0.00 0.00 ! 0.02 0.00 0.00 0.00
Sh 3.49 3.49 3.49 0.00 : 0.00 0.00 0.00 0.00
Te 0.02 0.02 0.02 0.02 : 2.00 3.49 3.49 0.00
il 0.00 0.00 0.00 0.00 : 0.02 0.00 0.00 €.00
T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2n 0.70 0.70 0.70 0.00 - 0.00 0.00 0.00 0.00
Sublotal Metal Cations 145.06 169.97 315.02 0.03 315.06 0.05 3- 0.00 0.70 0.70 0.00
H (AcidRy as H+) 7.44 0.0S 0.00 0.00 ) 0.05 315.00 0.00 0.66 315.66 0.40
Totsl Cations 152.50 169.97 315.08 0.03 315.06 0.05 3. 0.00 0.0 0.00 0.00
: 0.08 315.06 .00 0.66 315.66 0.40
IoH 0.00 125.63 0.00 0.00 0.00
ICO3 (Total) 0.00 0.00 0.04 0.04 0.04 9.00 0.00 0.00 0.00
0.54 0.54 0.54 .00 0.04 .00 0.86 0.85 0.85
PO4 (Total) 147.71 147.71 147.71 0.00 i< 0.00 0.54 0.54 0.00
| ISO4 (Total) 480.88 480.68 480.88 0.00 4. 0.00 147.71 147.71 0.00
Totsl Ame. 629.13 125.63 629.13 0.04 629.16 0.04 6. g-:l‘l 460.88 480.88 0.00
Total Sehts 781.63 205.50 944.20 0.08 044.22 0.09 [ : 62913 0.00 0.e6 $29.98 0.85
Inert 0.00 0.00 3.00 0.00 0.09 944.18 0.00 1.52 ___945.64 1.25 |
Totel Solide 781.63 | 20550 944.20 0 08 944.22 0.09 94 :':: = °'°: S— 0.08 0.06 0.06
[n20 5,174.62 205.50 | 6.603.23 0.44 5.603.58 0.18 000 | 5.6 : 441 9.00 1.52 900 948.70 1.31
01 o = = o7 : 0.18 0.00 | 5,603.76 0.00 8.61 28.08 | 5.639.13 2.61 1.31
—_—— - .
Total Sireem 5,050.25 591.18 8,547.43 0.51 0.01 ] 6.547.80 0.18 018 | 6,54 — — 9.01 —
T : 0.18 0.18 | 6,5¢7.04 0.00 10.13 0.01 28.12 | 6,504.62 2.61 2.61
Lo clo 1,480.00 147.80 1,636,860 0.13 0.00 | 1,636.05 0.04 0.04 | teEl}
Maximum Flow {Vm) 43.12 2.46 46.60 0.00 46.70 0.00 1 0.04 0.04 1,636.99 0.00 2.53 0.00 7.03 1,846.21 0.65 0.85
Maximum Tomp (C) 40 %0 35 . 0.00 46.70 0.00 0.07 46.09 0.02
Wi% Total Solide 131 §0.0 14.4 15.0 0.0 14.4 0.0 50.0 § 30
W% msoluble Solids 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 30.0 14.4 0.0 15.0 0.0 0.2 14.4 0.0 $0.0
1 ~1 2.520.2% 2.7510.25 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 $0.0
3.25:0.25
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Drawing No, 95-547-100D
[SudgeBHG
{Cycle Times (W):
[Extraction [
|Byproduct [
Acld Stoichlometry 1.2
Capecity Factor 0.6
Streasm Number 25 26 27 28 20 30 3 32 -
Stresm Description Uquor | Umestone or | Sodium Polymer | Precipitate | Wash Waler | FlterCake | Uiquor | Lime=-2 31 32 33 3 35 36 37 38 39
Firate |Sodum Camonet _Carbonale Sturry (Washed) | Filrate [Sodwm :Waler | FRerCake | Liquor | Limesione or | Sodum Polymer | Praciphaie | Wash Water | Filter Cokw | Liquor
0% 15% - (Washed) | Fitrate O C"'?"‘" Sharry (Washed) | Frate
s kg/da kg/da kg/da kg/da kg/day kg/day kg/day kg/day ko--- 15%
Composhtion gday g/day g/day | kpiday 9/ ‘ay kg/day kg/day kp/day kg/day kg/day kg/day kg/day kgiday kg/day
Ag 0.00 0.00 0.00 0.00 i
AL 0.85 0.85 0.85 0.00 0.00 0.00 0.00 0.00 0.00
As 0.00 0.00 0.00 0.00 0.85 0.00 0.00 0.00 0.00
IBa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
114.35 0.00 114.35 83.73 24.63 0.00 0.00 0.00 0.00 0.00
icd 0.01 0.01 0.00 0.01 89.73 24.63 0.00 24.63 24.63 0.00
iCo 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00
Cr 0.03 0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.00
Cu 12.35 12.35 9.53 2.82 0.02 0.01 0.01 0.01 0.00
[Fe(Total) 0.56 0.56 0.45 0.11 9.53 2.82 2.82 z.82 0.00
3 0.04 0.04 0.00 0.04 0.45 on 0.11 0.11 0.00
10.00 10.00 0.00 10.00 0.09 0.04 0.04 0.060 0.04
"'ﬁ' 0.45 0.45 0.45 0.00 0.00 10.00 10.00 8.52 1.48
o 0.00 0.00 0.00 0.00 0.45 0.00 0.00 0.00 0.00
|Na 172.43 10.08 0.00 182.51 0.00 182.51 0.00 0.00 .00 0.00 0.00
I~ 0.00 0.00 0.00 0.00 £ 00 182.51 43.26 0.30 225.77 0.00 225.77
1) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
£ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sn 3.49 3.49 0.00 3.49 0.00 0.00 ©.00 0.00 0.00
Te 0.00 0.00 0.00 0.60 0.00 3.49 3.49 0.00 3.49
T 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zn 0.70 0.70 0.00 0.70 0.00 0.00 0.00 0.00 0.00
Sublolal Metal Cations 315.28 10.08 0.00 325.34 101.02 224.32 0.00 0.70 0.70 0.70 0.00
H (Acidty as H+) 0.05 0.00 0.00 0.00 101.02 224.32 43.26 0.00 267.58 36.79 230.78
Total Cations 315.31 10.08 0.00 325.34 101.02 224.32 0.00 0.00 0.0 0.00 0.00
— 101.02 224.32 43.26 0.00 267.58 36.79 230.78
oH 0.00 0.00 0.00 0.00
CO3 (Total) 0.00 13.15 0.00 13.15 13.09 0.07 0.00 0.00 0.00 0.00 0.00
0.54 : 0.54 0.00 0.54 13.09 0.07 56.42 0.00 56.49 56.14 0.35
P04 (Town 147.71 T47.71 142.07 5.64 0.00 0.54 0.54 0.00 0.54
|SO4 (Total 480.88 480.88 0.00 480.68 142.07 5.64 5.64 5.64 0.00
Total Anlons 620.13 13.15 0.00 642.28 155.15 467.13 9.00 ,__ 480.88 _ 480.88 0.00 480.88
Tolal Selts 044.44 23.23 0.00 967.62 256.17 711.45 15-.5% 487.13 56.42 0.00 543.55 61.78 a81.77
— ¥ = T == T X0 256.17 711.45 99.67 0.00 811.12 98.57 712.55 |
[Totel Sotids 944.44 24.39 0.00 0.06 968.54 257.39 711.45 | 1.22 .00 4.08 0.06 5.04 5.04 0.00
120 5,641.74 36.60 0.00 2030 | 5,708.72 514.78 257.39 | €927.52 ) 257.39 711.48 104.66 0.00 0.08 816.17 103.62 712.55
{Co2Gas = ‘478 | 267.00 | 5927.62 156,09 0.00 3042 | 6.114.9 207.24 103.62 | 0.061.56
Total Stream 6,566.18 60.00 0.00 26,45 | 6,675.56 514.78 514.78 | 6,638.97 T STt e
T . )
Losding (kgjcycie) 1,646.55 15.25 0.00 71| 1.868.80 | 12870 | 12870 | 1.659.94 | _ 238 201.65 0.00 30.48 | 6.931.10 207.24 | 20724 | 6.774.11
Maximum Flow (Vm) 47.01 0.30 0.00 47.56 4.29 49.40 8.70 128.70 | 1.659.74 65.41 0.00 762 ] 1,732.78 51.81 51.81 1,603.53
L‘!‘“"""’ Tomp (C) 30 4.20 49.40 1.31 0.00 50.96 1.73 50.51
W% Total Solide 14.3 40.0 0.0 0.2 4.5 0.0 50.0 0.7 30
Wi% Imsolwole Solids 0.0 25.0 0.0 0.2 39 0.0 50.0 0.0 3 50.0 10.7 40.0 0.0 0.2 1.8 0.0 50,0 10.5
(pH] 6010325 $0.0 0.0 25.0 0.0 0.2 1.5 0.0 50.0 0.0
9.0£0.5 9.010.5
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Table 2-5.  Pilot Plant Design Considerations
General Equipment Selection and Layout

»  Usc ol hoses for interconnection of cquipment within skids and especially between skids
particularly where liquors offer little safety concerns. This can add a great deal of flexibility and
reduce costs. such as in the Metals Recoven area and solids preparation.

»  Use of acid resistant hose for tank vent connections to the sodium hyvdroxide scrubber. These can
be relatively asily removed and reconnected for transportability.

e The largest skid size 1s limited to the following inside dimensions: (to comply with Hungarian
transportation regulations for truck trailer size)

2.4 mwidth x 13.6 m length x 2.4 m height
The actual skid sizes are given in the design drawings in appendix 4.

+  There are several picces of equipment in the process design designated as optional -- i.e, the
sludge conditioning tanks and the liquor storage tanks. It is not belicved that these are required at
this point until expertence has been gained in operation with different sludges and exact
rcquirements can be established. Therefore, these have not been included in the PFCDs. There are
other vessels that also may not be required depending upon the facilities available at the sitc
location and/or the form and availability of makeup chemicals. These include:

- Sulfuric Acid Mix/Feed Tank (V-206) - This tank is not absolutely necessary. especially if
there exists a bulk acid storage tank from which acid can be fed dire.tly to the third stage
extraction tank (where it is mi . i with makeup water). It has been included because of the
need for ransportability.

- Sodium Hydroxide Feed Tank (V-307) - This tank is also not absolutely necessary.
especiall: if there exists a bulk sodium hydroxide storage tank rom which sodivm hyvdroxide
can be fed dircctly to the Pre-reutralization Tank (V-301) or if sodium hyAroxide can be
delivered in "super tanks™ from which it can be fed. It has been included because of the reed
for transportability.

- Extra Metals Recovery Arca Tanks (V-301 and V-302) - Neither of these tanks is a
requirement. They have been included to enhance flexibility and support capacity
requirements.

*  Filter traps have buen included in both the Acid Extraction area and the Metals Recovery area to
capture carrythrough of solids from one stage of operation to the next. None of these are essential.
but some arc more important than others. Therefore. some of these could be eliminated or
considered future design enhancements based upon needs established from operating experience.
In any case they nced t.. be accessible and removable.

- Acid Extraction Area (S-202 and S-204) - These socks are on the liquor hold tanks for their
iespective acid extraction reactors. They simply prevent the build-up of fines in the extraciion
svstem ana make analysis of extraction stage performance easicr. T.ae more important of the
two is $-202 since it filters liquor discharged from the third stage hydroclone. which is likely
to pass fines. S-204 filters the filtrate from the residue filters. It is mainly intended to capture
fincs thai pass the filter during startup. when there has *cen little cake formed. or to capture
solids during filter cloth tears.




Table 2-5. Pilot Plant Design Considerations (Continued)

- Metals Recovers Arca (S-30! through S-304) - These are the most important filter traps in the
Metals Recoveny arca. S-301 (and potentially S-302 and S-303) filters liquor discharged trom the
sccond stage hydroclone. which is likely to pass fincs. S-304 filters solids formed in V-304 during
pre -neutralization. While littic 1o no solids should be formed during this step. it is probably

csirable to have the capability to scgregate any such solids from the precipitate formed in the
first stage of precipitation. especially if thee is any arsenic present.

- Mectals Recovery Area (S-305 and S-306) - These are similar in function to S-2(M in the
Acid Extraction arca. filtering filtrate from precipitaie filters.

Specific Equipment Requirements

«  Tank heaters (where indicated in the Equipment List) should be sized to provide a temperature
increase of 30 C over about two hours. If possible. porrable or removal heaters are desirable. Hot
water immersion heating coils should also be specified in addition to electric heaters for use at
Miskolc.

*  In-tank immersion pH prabes for the Metals Recovery area are recommended to be specified and
installed as follows:
- 1op entering mounting through downcomer pipes anchored to the tank wall;
- pH clements shouid be mounted at a depth of about one-half to one-thiiu from the tank
bottom:
- elements should proirude at least [00 mm from the end of the downcomer:
- pH elements should be fitted with ultrasonic cleaners if glass electrodes are used:
- pH elements should be specified for high sodium solution service: and.
- consideration should be given to solid state FET probes.

«  The recommendation for tank level indicators for all slurry containing tanks is a top entering.
capacitance-type probe with local indication.

»  Indications for minimum materials of construction are offered as a guideline. Final selection
should depend upon availability and cost of equipment.

+ Itis intended that all the tanks be purchased as a standard design readily available from small tank
suppliers. Therefore, tank dimensions should be considered  approximate and strict adherence to
tank dimensions shown is not required. What are most important arc the approximate working
volumes shown; a normal liquid level roughly equivalent to the tank diameter or slightly more:; |
and. a freeboard allowance of about 500 mm or more.
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Table 2-6.

Pilot Plant Concefpt Layout - Example Skid Schedule

Processing Area Skid Equipment Tag Numbers
Solids Preparation (Area i30) Skid 1 Ball Mii with Feed Hopper (1) [:3p3]
. (§gl_i_ds_M§!lit)g)_r ) Mill Feed Conveyor (1) o ‘CB-._ L
Skid 2 Milled Slurry Tanks (2) V101/102
{Slurry Storage) Agitators(2) A101/102
Slurry Transfer Pumps (2) P101/102
Acid Extraction (Area 200) Skid 3 Extraction Tanks (3) V201/2037205
{Acid Extraction) Agitators (3) A201/203/205
o Shurry Transfer Pumps (3) P201/203°205 {
Skid 4 Hold & Feed Tanks (3) V202/204/206
(Extraction Support) Agttators (3) A202/204206
Sock Filters (2) S202/204
Hydrociones (2) 223224
Slurry Transfer Pumps (2) P202/204
o Acd Feed Pumps (2) P206AB
Skid 5 Vent Scrubber (1) V207
{Extraction Support) Vent Fan (1) F207
Scrubber Recirc Pumps (2) P207TA/B
Skid 6 Residue Filters (2) 82217222
(Residue Filtration) Residue Hoppers (2) H2217222
Metals Recovery (Area 300) Skid 7 Neut. & Storage Tanks (J) V301/302/303
{R:zcovery Liquor) Agitaters (3) A301/302/303
Sock FiRers (3) $301/302/303
Slurry Transfer Pumgs (3) P301/302/303
Skid 8 Reaction Tanks (3) V304/305/306
{Metals Precipitation) Agitators (J) A304/305/306
Sock Filters (3) $304/305/306
Slurry Transfer Pumps (3) P304/305/306
Skid 9 Chemical Mix/Feed Tanks (3) V307/308:309
{Recovery Support) Agitators (3) A307/308/309
Chemical Feed Pun!:s (6) P307/308/309-A48
Skid 10 Polymer Miv/Feed Tanks (2) V310/311
{Recovery Support) Agitators (2) A310/311
e Polymer Feed Pumps (2; P310/311 ] .
i Skid 11 Byproduct Filters (3) $32113227323
{Byproduct Fiitration) Byproduct Hoppers (3) H321/3221323 ]
Skid 12-OPTIONAL Sludge Conditioning Tanks (3) V312313314
(Sludge Conditioning) | Agtators (3) A312/313/314
Filter Feed Pumps (3) P312/313/314
Residue Treament (Area 400) Skid Reaction Tanks (3) V402-404
LATER (Residue Extraction) Agitators (3) A402-404
o Slurry Transfer Pumps (3) P302-304
Skid Feed & Mix Tanks (3) V401/405/406
(Extraction Support) Agitators (3) A401/405/406
Slurry Transfer Pump (1) P301
| ] ChemicalFesd Pumps(4) | P405/406-A%8
Skid Residue Fiiter (1) S411
{Residue Filtration) Residue Hopper (1) H411
Sulfate Recovery (Area 500)
LATER
Tank Storage (Area $00) Skid Hold Tanks (2) V601/602
OPTIONALLATER (Storage Tanks) Agrators (2) A801/602
Sock Filters (2) S$801/€02
Siurry Transfer Pumps (2) P601/602
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3.0 Process Description

3.1 Arca Operations

The Pilot Plant is broken down into three major process arcas

1) Sludge Preparation (Area 1h))

2)  Sulfuric Acid Extraction (Arca 2(M))

3) Metals Recoven (Arcas 300)

An annotated tabulation of the batch operaung cyvcles for the major process unit operations is provided
in Table 3-1. Table 3-2 provides a cyvcle diagram summanzing the sequence of operations for a basic
six hour cycle period for each area.

211 Sludge Preparation

General Design Approach

The first step involves milling the sludge to create a high surface arca to expose the heavy metals to the
extraction chemicals. This is accomplished in a ball-tvpe mull. either a convenuonal ball mill or a tower
mill. Either should provide adequate service. since the sizing cnitena for the mill 1s for one shift of
operation per dav. This should give adequate down time for maintenance in a pilot plant service. Ina
full scale applicauion. a tower mull is preferred for several reasons. First. it is particularly suited 1o this
application in grinding matenals of moderate to low grinding index with roughly two-thirds the energy
of a conventional ball mill. Second. it's profile and footprint are easily accommodated within a plant
configuration. Finally. it is shightly less expensive and should be eas:er to operate. Tower mills should
require two to three days routine maintenance outages twice a year.

Equipment Description

The Solids Preparation arca of the pilot plant consists of the ball mll. the bail mill feed convevor and
two milled slurry storage tanks. The ball mill and feed convevor are to have a processing capacity of at
least two metric tons of sludge per shift to allow one shift operation. Assuming batch operations and a
two to three hour cycle time for filling. milling and discharging the mill. this equates to a feed conveyor
capacity of roughly two metric tons per hour (one-half hour to fill the mill) and a mill capacity of about
one metric ton per hour (one hour of milling time).

The feed convevor has a weighing capability to allow accurate addition of sludge to the mill. Water is
fed to the mill along with the sludge to attain a prescnibed solids content in the range of 20% - 30%
solids. Hot water may be desirable in winter months, although heating is provided for the Sulfuric Acid
Extraction tanks 1o ensure proper extraction tcmperatures. The miil is specified for a capability of 95%
through 325 mesh grind. but should be capablc of achieving a range of solids attrition from 50 to 325
mesh.

Slurry from the mill is discharged to one of two Milled Slurry Storage Tanks (V-101 and V-102).
These arc agitated tanks constructed of abrasion resistant fiberglass fitted with anti-swirl bafTles. Each
has a working capacity of approximately 2.5 m’. Thus, each has sufficicnt capacity (o store one day s
feed requirement of slurry for the plant. Air operated diaphragm pumps with stainless stecl diaphragms
arc uscd for feed of slurry from the storage tanks to the Sulfuric Acid Extraction area.
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1t should be noted that because the pilot plant is to be transporiable. no prosistons are included in the
design for the recaipt. storage and handling of sludges prior to loading of the feed comveror. Thus.
containment arcas and mobile equipment are not addressed

312 Sulfunic Acid Extraction

General Design Approach

Sulfunic Acid Extraction entails a three-stage. countercurrent operation (i.e.. the strongest acid contacts
residues that are almost depleted of the heavy metals while the fresh milled slury is contacted with acid
used in the strong acid steps). Such covntercurrent extraction schemes are commonplace in
hydrometallurgy processing. Each siage is a batch operation with a cycle ume coordinated with the
other reaction vessels.

After three stages of leaching. 1t 1s expected that all of the heavy metals except for lead will be extracted
from the sludge. The treatment is focused upon dissolving the heavy metals while minimizing the
dissolution of host material. Test work has indicated that between 20% and 35% of the initial sludge
weight can remain in the solid phase. The amount of residue will depend primaniy upon the soluble
calcium content and the quantity of acid insoluble inerts (“refractory™ materials). A significant amount
of calcium that dissolves may re-precipitate as gypsum (calcium sulfate dihvdrate) which can tend to
increase slightly the residue quantity. If the remaining residue contains only small amount of lead. this
residue 1s expected to be non-hazardous and can be disposed without further treatient.

There are four principal unit operations in the Sulfuric Acid Extraction area: first stage acid extraction:
second stage acid extraction; third stage acid extraction; and. vent gas scrubbing. This discussion is
predicated upon operation of all three stages assuming an overall cycle time for each stage of six Lours.
In this regard. it should be noted that test work has indicated that for many sludges it mav be possible
to accomplish the extraction process in only two stages and that it may be possible to reduce the cycle
times to four hours. The limiting steps in these cy. les may not be reaction time, rather the time it takes
to fill and empty tanks. especially for solids separation.

All operations arc performed through manual controls using local instrumentation and sampling and
offline measurement of pH and/or acidity titrations when required. In-line and In-tank pH elements have
proven highly unreliable in these types of operations due to the abrasive nature of the slurries and the
high dissolved solids levels (which affect the accuracy and dnift of the elements). Also. pH alone is not
always a good measure of solution composition at such low pH levels. aithough it may be used as a
good control indication once familiarity is gained for one type of sludge.

First Stage Extraction

The initial extraction is accomplishzd in the first reactor, contacting the freshly milled sludge slurry
with acid that has been partially depleted from succeeding extraction steps. The sludge is expected to
rcact significantly and rather quickly. All carbonates and bicarbonates and any hydroxides are expected
1o decomposc. For many sludges. there will also be significant CO, evolution. The CO. along with any
acid mist carmyover 1s vented to a sodium hydroxide scrubber.

The first stage consists of two vessels -- a 2 m’ agitated 1=actor (v-201) and a 2 m* hold 1ank (V-202) .
Both vessels are constructed of fiberglass and fitted with anti-swirl baffles. The working volume of
cach vessel is about 1.5 m*. The additional volume provides free board to better accommodate
offgassing of CO, duning the initial reaction.

There are several options for operating the first stage of acid cxtraction because the reactions are
cxpected to be rapid, most likely reaching complction sn well under one hour. The following description
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conforms to the cvele diagram in Table 2-2 In this mode the first stage is run through two short. three-
hour cycles for even stx-hour cycle for cach of the other stages. This allows the hiquor from the second
stage to be “cut” (diluted) and used in two steps.

At the start of the first three hour cycle, acid from the second stage leach. winch is stored in the first
stage hiquor hold tank (V-202)._1s fed to the reactor vessel along weth waier at pre-set propostions to a
pre-cstablished level to attain about at 10°e acid solution and 10°% slurry once solids arc added
Makeup acid from the sulfunc acid mix tank (V-206) 1s added as required. Milled slurm from one of
the milled stum hold tanks (V-101 or V-102) 1s then introduced. (Altermatinvels. the acid. water and
slurry can be introduced together. especially if sigmificant CO. evolution is expected. ) After evolution o
CO.. additional acid may need to be added to adjust the pH to slightly below 1. The tank is agitated for
one-half hour and the pH checked while the dissolution reactions procecd to ensure it is maintained
below 1. The reaction wemperature is expected to be 40 C = S C based on the heat conient of hiquor
from the sccond stage and use of hot water in the ball mull. if required. After one-half hour. the solids
are scparated. The solids are sent to the sccond stage reactor (V-203) and the liquor to the Pre-
ncutralizatuon/Hold Tank in the Metals Recovery area (V-301). There are two principal options for
solids separation:

(1) Directly pumping the entire slurmy through the second stage hvdroclone with the solids
underflow from the hyvdroclone discharged directly to the second stage reaction vessel. This
should take about one-haif hour.

(2) Tuming off the agator and allowing the solids to settle after which the thickened solids arc
pumped to the second stage and the clanfied liqucr through the hvdroclone to vessel V-301.
This will probably take ai 'cast one hour.

It should be noted that in either case a filter trap is provided for the feed to vesse! V-301 to capture ans
residue that may escape the hydroclone. This filter needs to be checked and emptied manually when it
begins to fill or plug with solids. (Note - The filter should be washed with water prior to being
emyiied.)

A second threc-hour cycle is then repeated using the remainder of the liquor from hold tank V-202 and
fresh slurry. In neither the first or second cycle is it necessary to completely exaty the {irst stage reactor

vesscl unless a changeover to a different sludge composition is anticipated.

Second Stage Extraction

The second acid leaching is expected to take five to six hours. matching the double cxcle time of the
first stage. Tt will be at a slightly clevaied temperature of 50 C and a much higher acidity level. using
liquor remaining from the third stage. Most of the heavy metals should dissolve in the acidity level of
this stage. Again. the slurry concentration will be about ten percent or less. While CO, evolution should
be negligible the tanks are vented to the scrubbing system due to the higher acid vapor pressure.

The sccond stage lcach also consists of two vesscls. both similar in design and construction to the first
stage vessels Sulfuric acid and residuc wash water recovered from filtration of the residuc discharged
from the third stage is fed to the sccond stage hold ank (V-204) irom which it is fed to the reactor
vessel along with acid. if required. The liquor is fed tr. the second stage reactor prior to introduction of
the first load of sclids from the first stage. The acid. if needed. is added later. Extraction is then
cominenced with the first load of solids and continued for at Icast onc hour beyond introduction of the
sccond load of solids from the first stage. Afker completion of extraction, approximately four hours
total. the contents of the reactor vessel is discharged. The solids are separated and fed to the third stage
(V-205) and the liquor sent to the first stage hold tank (V-202). As in the case with the first stage
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axtraction. there are two principal opuions for separating solids. The preferved route 1s direct discharse
of the eatire contents of the vessel through the third stage hnvdroclone since it should be faster

Third Stage Exuraction

In order 1o cnsure that any residual heavy nwtals are dissolved. such as cadmium. copper and nickel. the
thard stage of acid extraction is provided which is another five to six hour cacle. but at 600 C

The third stage alsc consists of two vessels as well as two filter presses The reactor vessel (V-205) s
s1ized identical to those of the first two stages for simphicity of design. although the required working
volume of this reactor is considerably fess. only about one-half of the others. The sccond vessel (V=206
is the Makeup Acid mix feed tank in which 20-25% acid 15 prepared. This vessel has a working
volume of about 2 m'. sufficient to allow acid makeup for two charges of the third stage reactor.

In this third stage. acid from the Acid Makeup tank (V-206) 1s fed 1o the third stage reactor vessel just
prior to introduction of solids from the sccond stage. Heat is provided primarily by the heat of dilution
of mixing the concentrated H.SO, and water. Some heat may be required for startup cither through
addiuon of hot water or use of power heaters.

When the cycle is finished. the entire contents of the reactor are filicred. with the filtrate fed to the
sccond stage hold wank (V-204). After the siwry is fiitered. the cake 1s washad with a. [cast three
displacement washes to remove residual acid from the cake. Wash water 1s also sent to the second stage
hold tank. Two filter presses are provided in case one is shut down for maintenance and for additional
ilexibility as descnibed below. The filter cake is disposed of as solid waste.

Vent Gas Scrubbing

All lanks and reactor vessels are vented 1o a sodium hyvdroxide scrubber. This packed bed tower
captures acid mists that mav cammy over at the somewhat elevated acid concertrations and temperatures.
Sodium hyvdroxide 1s fed 2s required from the sodium hydroxide feed tank in the Metals R~coven arca
along with makeup water to vicld about an 8% sodium hydroxide solution. CO, camed over. primanly
from the first stage will also be absorbed. although most of the resulting sodium carbonate will
probably be converted to sodium sulfate. Spent liguor is sent to the pre-neutralization tank (V-301) in
the Metals Recovery Area.

Provisions for Alternative Operations

The following provisions have been made in the design for added flexibality:

»  Two-stage acid extraction - Provision is madc to opcratc with only two stages by entirely
bypassing the second stage should three stages not be required for a particular sludge. In this case
slurry from the first stage would be fed directly to the third stage. and the filtrat: from the filter
presses would be retumed to the first stage hold tank {V-202). rather than the second stage hold
tank (V-204).

»  Dual filtration - It is also possible to uttlize one of the filicrs to dewater solids from the sccond
stage as well as the third stage during normal cvcling should the second stage solids sctting be too
slow to allow scttling or the hydroclone prove ineffective in providing adequate solids scparation.

¢ Vessels - Vesscls heaters are provided primarily for startup under cold conditions. However. these
can also be uscd to operate a pre-cstablished temperaturcs should these prove more advantageous
1in accomplishing the extraction. cspecially with only two stages.




313 Mctals Revoven

General Desivn Approach

The nich extraction Liquor from the first stage of the Sulfunc Acid Extraction area is sent 10 the Pre-
neutralizanon storage ank (V-301) This tank to provide a buffer benwcen the extracuion steps and
metal recovery. Metal recoven 1s accomphished by rasing the pH for sclectine precrpitation of the
metals 1n 2 sequence of steps as shown in Table 3-1

*  The pH ts first raised from approximately 0.3-1 10 adout 2 5. It 1s not expected that any salis will
precipitate at this low pH nor is it intended to induce precipitation. The purposc is to smooth out
pH sariations from the extraction arca to provide a fairly consistent feed for byproduct recoven
Sodium hydroxide. or a combination of sodium hyvdroxide followed by sodium carbonate. will be
used to himit CO. evolution (and minimize acid gas carmmvon er) as well as minimize focalized
precipitation phenomena.

e The pH is then raised 3 0 to 3.5 in the next step with additional sodium carbonaic. Iron will come
down as an oxide or oxy-hyvdroxide. in possibly the hematite (Fe.O;) form. Along with the won
may come down small amounts of copper and chromium but it appears that with proper pH
control. this can be kept to a nunimum. The pH limit will be a function of the copper
concexniraiica — the higher the copper level. the lower the pH setpeint must be. A pH set point of
3.25 is anuicipated. The limiting condition on pH is the amount of copper precipitate. This must
be kept to a2 minimum (<0.[%) to assure that the iron precipitate 1s acceptable to a sinterning
operation.

«  The next step of precipitation is at a pH of about 6. where the copper and chromium precipitate as
basic carbonates contaminated with some Fe. Depending upon the calcium and phosphate levels in
solution this can be accomplished with either sodium carbonzte or limestone. or a combination.
The usc of limesto..e should enhance the precipitation of calcium phosphates. reducing both
calcium and phosphate 1r the fina! liquor making it more acceptable for disposition.

= The final step is at a pH of about 9. which will precipitate the nickel and zinc and other remaining
metals in solution. Depending upon calcium and phosphate levels in solution this can be
accomplished with either sodium carbonate or limestone. or a combination. At a pH of 9. test
work indicates that the predominant "contaminants” in this final byvproduct will be calcium.
cadmium. iron. magnesium and manganese.

= The resulting solution is sent to a storage tank for disposition.

It was found in the test work that a considerable amount of phosphatcs appear in the residue that enters
the plant. The phosphates. if thev are in the sludge. will to some extent dissolve in the instial sulfunic
acid leach step (in the matenal balances it has been assumed that all of the phosphate would dissolve):
but. as the pH is raised in the resulting recovery steps. it is anticipated that most of the phosphates will
precipitate in the early precipitation steps so long as appropnate insolublc compounds such as calcium
phosphate can be formed. It is an arca that has to be further investigated.

Equipment Descrniption

The Mectals Recovery arca consists of cleven vessels and three on-line filter presses.

«  Onc designated Pre-neutralization/Storage Tank to collect and equalizc rich extraction liquor
from the Sulfuric Acid Extraction arca. This is the largest vessel in the pilot piant having a
working volume of roughly 3 2 m". sufficient to handle |2 hours of liquor at design
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conditions As discussed above 1t 1s used to paruially neuttalize the extraction hiquor prior to
targeted metals recoven

«  Three agitated reactors for metals precipitation. Each has a working yvolume of about | 5 m’
These reactors can be constructed of high density pelvethy lene or fiberglass.

+  Two extra agitated tanks for usc in accumulating extraction hquors. intermediate storage of
offspec precipitation liquors. or cven precipitation reactors. These have working volumes
identical to the three precipitaon reactors.

s Three chemical feed tanks -- one for sodium hyvdroxide. one for sodium carbonate solution
and one for slurrics of limestone. sodium carbonate or other additives.

+  Two mix/feed tanks for feed of polyvmer to ihe precipitation reactor vessels. It is expected that
cach would contain a different polvmer that would be effective in coagulation of suspended
solids at different pHs or solids tvpes.

*  Three filter presses. one for each of the three pnincipal precipitation reactors.

The Metals Recovery system operates in a sequential batch mode in a manrer similar to ti.e Sulfunc
Actd Extraction system except that the reactors operate in series with clarified liquor fed forward along
with any cake wash water (rather than countercurrent). The cycle times for all reaztors are the same.
about three hours each - one hour fill. one hour retention. one hour empty.

Sodium hyvdroxide and sodium carbonate are first fed to the liquor in Hold Tank V-301 to neutralize the
liquor raising the pH to about 2 - 2.5. Sodium hydroxide has been sclected for this neutralization
prnmarily to minimize CO, evolution. However, should cconomics and/or availability dictate. sodium
carbonate couid also be used especially in combination with sodium hydroxide. While 1t 1s not
intended. some precipitation of salts may occur, such as some amounts of iron. thallium. lcad. and
teflunium. After neutralization. the liquor is fed to the first precipitation stage. V-304, where the liquor
1s fed through a filter trap to capture any precipitate formed during neutralization. These solids need to
be occasionally washed and removed from the filter. which needs to be done manually.

In the first stage precipitation reactor. sodium carbonaie solution or slurry is added to raise the pH to
about 2.5. The resultant slumry is then filtered. the cake washed and the combinced filtrate and wash
water fed 1o the second stage precipitation reactor. V-30S. The filter cake is primarily 1ron and
manganese salts with considerably lesser amounts of other trace heavy metals dissolved from the sludge
(c.g.. silver and thallium).

This process of neutralization/precipitation continues through the third stage precipitation reactor where
the mixed zinc and nickel basic carbonatcs arc precipitated. Three chemicals -- sodium carbonate
solution, sodium carbonate slurry. and/or limestone -- wc expected to be used for these operations,
depending upon the composition of the liquor (calcium and phosphate: n particular. as discussed
above). Filtrate discharged from the last byproduct filter is discharged to a storage tank outside the
scope of this design.

Each filter is sized to process the content of one precipatation reactor in onc hour. Because the shurries
arce relatively thin -- ¢.g.. 1-3% solids -- the filters are gencrally sized based upon filtrate capacity
constraints. rather than solids filtration alonc. The byproduct filter cakes are discharged directly to
wheeled carts for removal of the solids to interim storage arcas ontside the scope of this design..




3.2 Operating Reguirements

Table 3-3 summarizcs the range of operating requirements based upon csumates derived from the
material balances performed.
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Table 3-1.

Pilot Plant Unit Operations

blowdown is sent to Tank V-301. |

Process Unit Unit Description Objective Procaessing Total Comments
Numbaer Conditions Cycle Time
i Feed sludge is fed to the Ball Mill along with (hot) !Preacribed PSD ' IHot water makeup 18 an
Sludge Milling B-121  !water for miling. Mill is intended tc operate just  [down to 95% < 325 1 0r 2 hour | 2-3hours 10 Hon P
fone shift per day. imesh. | P
T - ! 1
. [Milied slurry is stored for feed to V-201. It can also | !
[Milted Siurry © V-101/102 |be "cut” with water il necessary to reduce solids D.'"y ulo@qa of ‘
Storage/Feed . milled solids. '
i icontent. i
; Weak acid dissolution After extraction, solids sent|y L o ' :
! ‘to 2nd Stage (V-203) and liquor to Metals - g 1 or 2 hour extractlion 8 hours | .
| ! . alkalinity values Carbon dioxide offgas is
1st Stage iRecovery {V-301). Can be run in one or two per batch (2 x 3 hours
h Vo V-201 . (Hydroxide and vented to scrubber along with
Extraction | isequential batches. Slur:y can be settled first or carbonate/ 40C or any acid mist
: . |
f :pm dnref:tly through 2nd Stage hydrocione for bicarbonate). (pPH<1.0) 1 1x8hours) |
: Ruparanon.
! iStrong acid dissolution. After extraction, solids
} . .
' !um to 3rd Stage (V-205) and liquor to Held Tank . 1 hour extraction If 3rd Stage is not req'd, 2nd
2nd Stage [ Remove residual Stage solids are filtered and
V-203  {(V-202). Slurry can be settled first or s0C 6 hours
|Extraction ] Wt directly th h 3rd Stage hydroclone for heavy metals 20% acid washed and liquor sent to
gP ctly throug ge nyds Hold Tank V-202.
! |separation. )
M T . . |
! Final strong acid leach. Slurry is filtered and . .
|
rd Stage i \washed_ Filter cake is discharged (or, later, sent Remove traces of 1 hour extraction { 3rd Stage acid extraction may
J V=205 . ) ) heavy metals 6cC 6 hours not be required, especially
Extraction o enhanced acid leach) Filtrate is sent to Hold oL o i
. except lead 20% acid with low lead content sludges.
‘Tank V-204. '
‘ T 3
. ‘Plate & frame filter presses (one operating/one Dewater and wash 1 hour i (Included in |[Minimize acid loss and render
- 3 i
Residue Fiter  S-223222 y1andby) residue 60125 C 205 |solids nonhazardous
intenm Hold Tanks' V-202/204 ‘Receiveold/return exlucuop liquors to |Provide interim (Included above) | (Included 'Vented to Scrubber
'accomodate cycies of exiraction process storage of liquors i above) ;
?’ 5 . | ;'
ncd MiiFeed . .0 M store and feed sulfuric 2cid at chosen Acid makeup §5-65C | Ondemand Vcrled to Scrubber
Tank i concentrations ! | |
i !
Vent gases from all Acid Extraction Area Tanks ; i ;Makeup and blowdown are on
Vent Gas are vented o the Scrubber. Caustic makeup ts Controt acid mist |
Scrubber v-207 from the Metals Recovery Area a~d Scrubber emissions | ocC Continuous . baich basis as dictated by

H
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Table 3-2. Operating Cycle Diagram - Example for 6-Hour Overall Cycles

Hour of Operation
Activity o800 0300 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

Solids Preparation
Milling
Feod to Mill
Miling
Slurry to Storage Tanks
Slurry Storage [T
Tank Filling
Feed to Extraction

B R Wi SNEJUEE MR T

Acld Extraction R U I . R

Acid Makeup .
Accd & Water to MU Tank

\ge S
_ Liguor to Feed Tank

Liquor to Reactor
Slurry to Reactor

Exiraction —t - e -

|

|

| . .
Residue Separalnon

2nd Stage T ] D
_LliquortoFeed Tank "1 ~ """} "1

Liquor to Reactor
Solids 1o Reaclor

3 xlvachon

actor - . PPV SR SUPITII SUSUUNIOUUN F PR e e

_ Residue Separation
3

Solids 1o Reactor
Exllacluon i

- R S [PUNSHUSENINNS R S

Precipftation
Solids Separation
2nd St__go

Tank R
C'P!'_',‘"E!',f“d‘ B
Precipitation
Solids Separation
3rd Stage

Tank Fill
Chemical Feeds
Precnpnahon
Solids Separation




Table 3-3.  Pilot Plant Operating Requirements

The following estimates of operating requirements derive from the matenal balances
calculated as previously described.

Maximum Typical Daily
Commodity Specifications Daily

Chemicals

Soda Carbonate

Limestone

Compressed Air

Makeup Water
Hot Water (Optional)

Waste/Byproducts

Meiai Byproducts 50% Solids




4.0 Test Program Plan

4.1 Introduction
411 Purpose znd Objectives

The purpose of the pilot plant test program is to assess the overall technical and
economic feasibility of this hydrometallurgical process for treatment of galvanic sludges.
To this end, there are five specific objectives, which together set the tone for the test
program plan:

1) determine the technical feasibility;

2) define the range of process applicability;

3) orumize the process design;

4) develop full-scale equipment design parameters; and,

5) establish the basis and technical data for assessment of full-scale economics.
412 Scope

The scope of the program is one year (nominal) of testing covering the range of
galvanic sludges defined during the laboratory batch testing. This specifically excludes
the following types of galvanic sludges:

oily siudges;

sludges containing arsenic;

sludges containing cyanide;

sludges containing mercury;

sludges from HCL pickling and other high chloride content sludges; and,
*  liquids.

L] * * L] L]

413  Approach

The test program plan is structured in a progressive fashion comprised of a series of
test periods, each building on the knowledge and experience obtained in prior tests.
Each test period begins with reasonably conservative conditions (l.e., conditions which
are expected to result in acceptable performance), then proceeds to studies of options
to simplify operations and finally examines ways to optimize performance. This
approach is reflected in the selection of sludges and the organization of the test
periods.

4.2 Test Plan Overview

Table 4-1 provides a summary of the overall test pregram as defined by the succession
of test periods. This program structure is intended to orovide overall guidance for
testing, rather than being completely prescriptive. It iv expected that the program wil!
evolve based upon the results of previous tests. Changes are not only anticipated, but
encouraged. Changes, though, need to be founded on knowledgeabie exoectations of
performance.
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A total ot at least seven test periods are envisioned. Six of these have been defined in
this Test Program Plan. The seventh, or even eighth, test period (depending upon the
amount of time available) should be defined based upon the results of the first six test
periods. Most test periods involve what are termed “vanational” tests. These are
individual sludge “campaigns” which focus on evaluating each major process area in
succession. Each ends with a short demonstration test at “optimal” conditions. Cne
longer curation “demonstration” test is included for a sludge composite. Two
demonstration conditions are planned to assist in optimizing overall performance.

The first test period is expected to be longer than later test periods. The first test period
will involve additional activities associated with program startup, including:

= gaining familiarty with equipment and general plant operation:

« development and validation of analytical procedures:

- fine tuning data acquisition and record keeping;

- finalizing standard operating procadures/practices (SOPs);

«  setting up laboratory testing equipment and developing associated protocols; and,

+ making modifications to equipment and conirols determined during initial
operations.

it is anticipated that the first test period will also be extended relative to later test
periods due to

+ inefficiencies in plant operation and conduct of testing;

« the need to rerun some early tests where results are questionable or incomplete;
and,

«  rerunning of tests to demonstrate reproducibility.

Table 4-2 gives the recommended set of characteristics for sludges referenced in Table
4-1. This set of siudge characteristics reflects an increasing levei of complexity in
system chemistry and/or an increasing degree of difficulty expected in sludge treatment.
The sludges recommended for the first three test periods were selected to minimize the
potential requirement for residue treatment. This potential increases with higher levels
of lead and probably cadmium, and to a lesser extent, copper.

Table 4-3 summarizes the principal performance objectives and the primary and
secondary control variables for each major process area. These derive principally from
the results of laboratory batch testing, ana serve as the basis for defining the testing
parameters as well as the sequence of tests, as discussed later.

It is expected that laboratory, batch-type testing will be conducted in parallel with pilot
plant testing, as needed. Such testing should serve two purposes. First, troubleshooting
problems and assisting in setting direction for future test conditions. This is may be
required in support of the Acid Extraction and Metals Recovery areas. Second, to
perform Residue Treatment Area testing, which 1s expected to be needed for sludges
containing high levels »i tead and/or cadmium.

40)




4.3 Variational Test Periods

Five of the test pericds have been specified as variational testing with single sludges.
Each is intended to begin at the front end of the process with sludge preparation and
work through the process, sequentially focusing on successive process areas. The
rationale is to systematically investigate and optimize each process step with
increasingly more complex sludges. The last stage or segment of each variational test
period is devoted to a short demonstration run at operating conditions established
dunng the previous set of parametric tests.

Each variational test period is characterized by relatively intensive sampling and
analysis. The recommended data requirements and sampling/analysis program are
discussed in Sections 4.4 and 4.5.

43.1  Sludge Preparation

Grinding of sludges was not tested as a part of the laboratory program. so guidelines
for initiating the test program derive from general considerations and experience in
dealing with similar types of materials. To the extent available, these are summarized in
Table 4-4.

The initial objective established for sludge milling is 90-95% through 200 mesh
(equivalent to 75 micron). The operating parameters available to achieve this objective
are first, and foremost, grinding time. Secondary parameters are mill rpm, ball charge
and slurry concentration. Dilution of slurry concentration is the least desirable control
vanable adjustment to achieve the degree of milling desired. Usually, the lower the
concentration, the greater the efficiency of sludge solids attrition. However, diluting the
slurry has potentially undesirable consequences in terms of. the ability to control acid
concentration and stoichiometry in the extraction stage; increased energy utilization in
later salt byproduct recovery; and, potential for creating a wastewater stream.

If the degree of fineness required cannot be readily achieved, it may be necessary to
conduct offsite testing through an equipment supplier to determine what equipment
modifications are needed or possibly explore other types of advanced equipment such
as vibrating mills. Vibrating mills are expected to be able to produce micron and
submicron particle size distributions; aithough, such fineness is not expected t{o be
required.

432 Acid Extraction

Table 4-5 summarizes the performance objectives and the "baseline conditions” for
initiating testing of the Acid Extraction area. Table 4-6 sets forth the environmental
performance criteria for achieving “nonhazardous” solids status referenced in Tabie 4-5.

Figure 4-1 provides a decision “logic” diagram relative to the conduct of testing. This
diagram is intended to provide guidelines for adjustments to control variables in
achieving performance objectives and optimizing system configuration and operation.
These are only guidelines developed from the results of laboratory batch testing. They
do, however, establish a framework that balances the relative importance of operating
and design parameters that impact technical and economic feasibiity with the
attainment of process performance objectives.

in developing the course of pilot testing, the following are believed to represent realistic
goals, at least for the simplest sludges.
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Initia!

Parameter Baseline Goal
Number of Stages 3 2
Acid Stoichiometry 120% <110%
Solids Gnind 90-95%<200 mesh 90-95%<200 mesh
Stage Holdup Times-1st/2nd/3rd ¥2/2 hours Yai- hours
Stage Temperatures-1st/2nd/3rd 40/50/60 C 40/50/- C

At the end of each variational test period, Baseline Conditions should be re-evaluated
and adjusted as warranted from the results of the tests.




433 Metals Recovery

Table 4-7 summanzes the performance objectives and the “baseline conditions” for
initiating testing of the Metals Recovery area. Table 4-6 sets forth the environmental
performance critena for wastewater referenced in Table 4-7.

Figure 4-2 provides a decision “logic” diagram relative to the conduct of testing. This
diagram is intended to provide guidelines for adjustments to control variables in
achieving performance objectives and optimizing system configuration and operation.
These are only guidelines developed from the results of laboratory batch testing. They
do. however, establish a framework that balances the relative importance of
operating and design parameters that impact technical and economic feasibility with the
attainment of process performance objectives. in developing the course of pilot testing,
the following are believed to represent realistic goals, at least for the simplest sludges.

Initial
Parameter Baseline Goal
Number of Stages 4 4
Chemicals NaOH (20-50%) NaOH (20-50%)

Na.CO, (15% solution) CaCo, (>30% slurry)
Na.CO, (>30% slurry)

Holdup Times-Each Stage 1 hour 1-2 hours
Temperatures-Each Stage Uncontrolled (20-35 C) Uncontrolled (20-35 C)
Solids Geeding None To 5% {some Stages)

At the end of each varniational test period, Baseline Conditions should be re-evaluated
and adjusted as warranted from the results of the tests.

434 Residue Treatment

Table 4-8 summarizes the pe-formance objectives and the "baseline conditions™ for
initiating testing for Residue Treatment. Table 4-6 sets forth the environmentai

performance criteria for achieving “nonhazardous” solids status referenced in Table
4-8.

Figure 4-3 illustrates the possible “process” treatment steps required to effect extraction
of lead or other difficult to rernove metals present in residues from Acid Extraction. This
diagram indicates the types of equipment and testing procedures that may be needed.

Figure 4-4 provides a decision “logic” diagram relative to the conduct of testing. This
diagram is intended to provide guidelines for adjustments to control variables in
achieving performance objectives and optimizing system configuration and operation.
These are only guidelines developed from the results of laboratory batch testing. They
dec, however, establish a framework that balances the reiative importance of operating
and design parameters that impact technical and economic feasibility with the
attainment of process performance objectives. in developing the course of pilot testing,
the following are believed to represent realistic goals, at least for the simplest sludges.
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Initial

Pararneter Baseline Goal
Number of Stages 1 1
Chemicals HC! HCI
CaCo, CaCo,
Holdup Time 4 hours 2 hours
Temperature 50 C -40C
Residue Grinding None None

At the end of each varational test period, Baseline Conditions should be re-evaluates and
adjusted as warranted from the resulits of the tests.

435  Byproduct (Na,SO,) Recovery

Table 4-9 summarizes the performance objectives and the “baseline conditions” for initiating
testing of the Byproduct Recovery. Byproduct Recovery was not tested as a part of the
laboratory program and equipment was not included in the original pilot plant design
because of high costs and the lack of definitive design parameters. It is assumad that
Byproduct Recovery testing would be camied cut offsite through equipment suppliers.

4.4 Demonstration Testing

Two types of demonstration testing have been included in the test program plan. The first is
as a last segment or run in each varational test period. These are intended to serve as a
verification of overall system performance under “near optimal” conditions with a single
sludge. As such, it should cover normal variations in sludge properties as well as the normal
range of fluctuations in system controls and operational upsets. These runs are necessary
to discount potential performance deficiencies or abnormalities under more complex
conditions. They should aiso establish full scale design and operating paramete:s.

The second is a separate test period for demonstration testing reserved for a composite
sludge representative of that which might be processed in a full scale system. Twec separate
demonstration runs are recommended at slightly different operating conditions -- first, at
relatively conservative conditions at which performance objectives can be fairly confidently
projected; and, second, at somewhat more aggressive cornditions that challenge the system
performance and offer the opportunity to reduce design constraints. The sludge composite
envisioned for this demonstration test period is a combination of at least two, and no more
than four, individual sludges with the following attributes:

* not expected to require residue treatment based ugon resuits of variational testing (e.g.,
low in lead and cadmium);

* would not normally be segregated for separate campaigns (e.g., no “unique” sludges
such as high molybdenum, high acidity or "complex” siudges from a chemistry
standpoint); and,

*  meet all other constraints on sludge constituents and forms as delineated in Table 4-2.
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4.5 Data Requirements

Data requirements vary according to the type of testing and famiharity with test conditions.
In general. data acquisition is expected to be most intensive and comprehensive during
vanational testing and. especially. at the initial stages of testing under new conditions or
with new sludges. It is absolutely essential that a detailed set of protocols be established for
each type of testing. subject to review and revision continuously throughout the course of
the test program.

During variationai testing. data acquisition and. in particular, sampling/analysis need to
focus on performance of individual unit operations in order to develop an understanding of
the process chemistry and equipment performance. As such. data requirements may be
highly vanabie. and general requirements that are prescnptive in nature are not easily
established.

Demonstration testing, on the other hand. needs to focus on overall performance and
should emphasize closure of matenal balances and battery limits analyses. Table 4-10
provides a “first cut” summary of samples and analysis for routine pilot pilant demonstration
testing. These would be applicable to the short demonstration periods at the end of each
vaniational test period as well as the longer demonstration test period.

4.6 Sampling and Analysis
46.1 Importance of Effective Sampling and Analysis

Metal-bearing siudges often exh:bit substantial variation in composition among the samples
both in the minor as weil as major components. Because of this variability, developing 2
process to treat even individual sludges, much less mixed wastes, imposes an additional
burden on sampiing and analysis over that required for plants which run on relatively
uniform feedstocks such as ores or industrial intermediates. This becomes panticularly
important in process development programs where a thorough understanding of the
characteristics of sludges, intermediates, residues and associated solutions are key to
defining test conditions and optimizing operations.

Optimizing 3 process to extract hazardous constituents and/or byproduct values (target
components) while leaving the nonhazz. dous matrix, it is critical to undarstand the form and
distribution of tha constituents in order to ensure that the reaction conditions are appropriate
to selectively removing them from the substrate matrix. If all constituents are uniforinly
distributed throughout the matrix as for example in a solid solution, then it may be
necessary to dissolve and reform (e.q., reprecipitate) the entire matrix. On the other hand, if
the target materials are present as discrete particles or are preferentially enriched in certain
fractions of the matrix which are then physically distributed within the matnix, (either
uniformly or in “pockets” of localized concentrations), then it may be possible to either
remove target materials selectively by physical as well as chemical means, or to "target”
chemical extraction based upon a detailed knowledge of the target constituent chemical
nature. Thus, well-planned and well-executed sampling and analysis of solids (feeds,
intermediates, and residues) are an essential first step in ensuring process optimization.




462  Sampling
Bulk Solids

Automatic sampling systems such composition samplers are not expected to be useful for
this program. All sampling i1s anticipated to be conducted manually by trained technicians.
Samgling should be accomplished by recognized techniques including the use of “thiefing”
for highly nonhomogeneous materidls. “Thiefing” involves taking selective portions of a
particular matenal based upon the technician’s observation of nonhomogeneities to “create”
a representative sample. This is often much more desirable than random sampgling or
attempting to produce a homogeneous mass from which a sample is withdrawn. Producing
a homogeneous mass often requires physical alteration which then affects not only the
analysis of the distribution of constituents but also the process itself if homogenizing is done
on a large scale.

Slurries

When it is important to obtain representative solids either for TSS or solids analyses, slurry
samples should generally be withdrawn either directly from tanks or from lines discharging
into tanks. In general, separation of solids from slurries should be done immediately,
especially for reacting systems that are time sensitive where changes to solids or solution
composition are probable. To accommodate these samples, there shouid be, as a minimum,
an aspirator-assisted filtration apparatus in the pilot plant area. Preservation of solids
samples usually also requires immediate washing with an appropnate liquor/solution ‘o
remove entrained mother liquor. This is most frequently accompiished with two to three
displacement rinses with water.

46.3 Analyses

Solids Moisture Content

Accurate measurements of moisture content can be determined by drying solids at 105 C ¢
3 C in a forced draft oven. Drying should be continued to constant sample weight (i.e.. <0.1
% change in weight over a two hour period). Microwave ovens can also be used for
approximate checks on moisture content; although the use of microwaves should be cross-
checked against the results of convection ovens prior to reliance on results.

Preparation and Dissolution of Metals

Methods for sample prepar~*ion arid measurement based upon precedures given in USEPA
Report SW-846 for Analysis of Solid Wastes should prove useful. For metals analyses,
samples can be solubilized by digestion in hot nitnc acid (use of approximately 30% HNO,
for initial digestion followed by incremental addition of hydrogen peroxide after one or two
hours; insolubles are filtered off and the solution diluted prior to analysis). This will dissolve
mosz, bu! not all metals. Lead is a notable exception. The acid insoluble fraction, therefore,
needs to be further analyzed. This can be accomplished by fusing the nitric acid-insoluble
residue with a sodium carbonate/sodium borate mixture. The fused residue is then leached
with water to remove excess fluxing agent, and the solids dissolved in dilute hydrochlioric
acid for analysis. Careful measurements must be maintained on both fractions to ensure
accurate recovery of all meials.
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Analysis of Metals in Solution

It 1s assumed that the analysis of metais in solids and liquors will be accomplished by some
form of atomic spectroscopy. which requires that the elements to be measured be dissoived
in solution. The measurement techniques which might be used for general elements include
induction-coupled plasma emission spectrometry (ICPES), flame atomic absorption
spectrophotometry (FLAA) and graphite furnace atomic absorption spectrophotometry
(GFAA). There are also specialized techniques appropriate for selected elements such as
cold vapor AA for mercury. and hydnde generation AA for elements that form volatile
hydrides such as selenium and tellunum. The use of these techniques will vary with the
circumstances of the operation and the nature of the sample. especially the compositional
matrix. Some general comments about these techniques should provide some perspective
on applicability and capability. Our preference is the use of IPCES. althougk some
allowances must be made for alternative means for analyses of tin in the presence of high
concentrations of iron if tin is an element of concern.

* ICPES involves the measurement of light emitted at characteristic wavelengths by
analyte elements when they are passing through a high temperature plasma (argon)
discharge. The spectra of most elements contair: several lines of different sensitivities
providing some opportunities to select wavelengths based upon experted intensity of
emission (i.e., concentration range) and potential interferences from other elements
expected in the samples. The ‘arge number of lines from all elements present as well
as the plasma itself result in significant interelement interferences which requires
careful selection and performance checking in order to ensure the instrument is
delivenng accurate results. A pnimary advantage of IPCES over AA techniques is that
IPCES instruments are designed to afford simultaneous or rapid sequential
measurement of a suite of elements.

A typical ICPES instrumeni may incorporate several channels (up to 30 in some cases)
which can be set up for measurement of many elements which might be found in
various types of samples, together with interelement corrections in the data handling
software. Thus, the simultaneous ICPES approach is often selected for metals
measurements in preference to AA spectrophotometry because ICPES offers much
faster analysis throughput and is more cost effective for multiple elements.

Typical sensitivities at optimal analysis wavelengths for IPCES for various elements of
interest are given in Table 4-11. These are spectral emission lines often used for
wastewater applications and generally afford good sensitivity for this type of process.
Interferences in trace element measurements from the presence of high concentrations
of major matrix elements such as iron and calcium can be checked by analyzing high
purity iron and calcium solutions which have been spiked with trace elements whose
spectral lines might suffer interferences. There is, however, one significant interference
in the IPCES lines noted -- that of iron on tin (@ 242.95 nanometers) where 20 mg/liter
iron gives a response equivalent to 1 mg/liter tin. This proved to be problematic in
laboratory analytical work.

«  FLAA involves measurement of light absorbed at characteristic wavelengths by analyte
elements as they are passing through a flame (generally acetylene with air or N.O). AA
measurements (Jlame or furnace) are generally carried out as single element
measurements. FLAA measurements, which are made at specific element-unique
v.avelengths, are relatively free of interferences from other elements. Typical
sensitivities at optimal analysis wavelengths for FLAA for various elements of interest
are given in Table 4-11.
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» Graphite fumace AA. in which an electrically heated graphite tube at very high
temperatures is used in place of the flame. offers significantly increased sensitivity for
many elements over that of FLAA: but, it is a much more complex technique involving
transfer of microvolumes of sample into the tube and addition of various reagents to
effect accurate analyses. While it is extremely sensitive, the technique has the potential
for many interferences from various elements and compounds present in samples, and
thus is of limited use in samples with a complex, varying composition.

+ If X-ray fluorescence or other methods for direct analysis of solids (e.g., spark source
emission or mass spectrometry) which do not require dissolution of the sample are
employed, then sample preparation steps must be directed toward ensuring that the
samples presented to the instrument are uniform and homogeneous in composition.
including moisture content. Solid standards of known composition and uniformity must
be used to calibrate the measurement instrument. It is particularly important to utilize a
standard with a matnx similar to that of the samples to be measured.

Matrix Substrate Anions and Cations

Measurement of anions and specific cation species in the sludges and sludge residues can
be carried out using standard wastewater and microchemical analytical methods shown in
Table 4-12.
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Table 4-1. Summary of Test Periods

Test Periods Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 Period 7
Expected Duration 2 - 3 Months 1 -2 Mnnths 1 - 2 Months 1 Month 1 - 2 Months 1 -2 Months OPEN
Sludge Siudge A Sludge B Sludge C Composite Sludge D Sludge E TBD
Sludge Type(s) Simple Simple Simple Simple Complex Complex 18D

b e e

Testing Style Variational Variational Variational Demonstration Variational Variational TBD
Focus of Segments

Segment 1 Sludge Milling Sludge Milling Sludge Milling Condition 1? Sludge Milling Sludge Milling

Segment 2 Acid Extraction Acid Extraction Acid Extraction Condition 2° Acid Extraction Acid Extraction

Segment 3 Metals Recovery | Metals Recovery | Metals Recovery - Metals Recovery | Metals Recovery

Segment 4 2 Week Demo 2 Week Demo 2 Week Demo -- 2 Week Demo 2 Week Demo
Offline Testing'

General Lab Techniques | Lab Techniques - Lab Techniques

Acid Extraction Grind Grind Grind Grind Grind

Temperature Temperature Temperature Temperature Temperature
Metal Recovery pH/Partitioning | pH/Partitioning | pH/Partitioning --- pH/Partitioning | pH/Partitioning
Residue Treating ] Not Expected Not Expected | Not Expected Expected Expected

Offsite Testing

Sodium Sulfate
Recovery
(during Demo)

Sodium Sulfate
Recovery
(during Demo)

Sodium Sulfate
Recovery
(during Demo)

Sodium Sulfate
Recovery (One
Condition)

‘ 'Offline testing requirements will vary depending upon system performance

2See section 4.4
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Recovery
(during Demo)

Sodium Sulfate
Recovery
(during Demo)




Table 4-2. Example Matrix of Sludges

General Constraints:

No Arsenic (<0.05%)

No Cyanide
No Mercury
No Oily Sludges

No Chloride Sludges (e.g., HC! Pickling)

Characteristics Sludge A Sludge B Sludge C Sludge D Sludge E
Btttk SOOI NSO NSO SRR N (S
Sludge Consistency oy | DryMoist | DryMoist | No Free Draining | No Free Draining
— c(;mistency . P ngh H'gh ....................... M Oderate .................... MOderate ....... “
oot (SN ESSU S RSN N S
Lotorde o ow L tow | lowModewle | LowModewte | LowModerate
B oW .....L..‘?W:’..“.’.'RF’.;‘?‘? ....... E;W’M955'a?9 ............ N °“""‘ . N°L"“' .......
. Phosphatersutate Ratio | T Noum | . MNotimt | Noumk | | Notmt
Ammonia Nil Nil " rll'i'l """ L'c;w”_‘ |
Ml e
Lead <01% §9:1f/o ‘ <0.1% .Low{.l\_/‘loderﬁ?e '''' Loyv{Modera'i;'
....... cadmmm .‘ : ) ;0‘05% <005% <005% - | LOW/MOderate Low/Mode,—ate
Fe*?IFe*® Ratio <0.10 <0.10 <0.10 <0.10 Unspecified
copper b ow low | Meh | Unspecfia | Unspeciied
Other Low Molybdenum | Low Molybdenum | Low Molybdenum Unspecified Unspecified
Representative Sludges Rubikon Elzett BHG & Ganz MOoM ---



Table 4-3. Summary of Performance Objectives and Control Variables

Principal Control Variables Other
Process Area Performance ; Significant
Parameters Principal Secondary Process Issues
Sludge Preparation | + Sludge PSD + Holdup Time - Ball Charge

-Milling » Siurry Concentration | - Power Requirement |
Acid Extraction » Metals Dissolution | - Acid Stoichiometry + Degree of Agitation Gas Evolution
» Residue Properties | »+ No. of Stages » Acid Concentration - Acid (SO, HCl)
- “Nonhazardous” | + Holdup Time - Other(NH,)?
- Dewaterability « Temperature
« Meta C! . ) » Degrege of Agitation Disposition of CI
Metals Recovery . Metalg Bgrti%?\%g . Ef;e of Limestone . Bsg ote sw?ﬁ%ﬂ Fe’g/Fe" R:ho
+ Phosphate + Holdup Time Slurry Impact
Removal » Solids “Seeding’ - Limestone Gnnd
Residue Treatment | = Pb Removal + HCI Requirement + Degree of Agitation Acid Gas Evolution
(Offline Testing) + Cu&CdRemoval |+ Temperature * Holdup Time Fe'YfFe™ Ratio
» Fe Cementation Impact
* Residue Grinding
Sodium Sulfate + Salt Purty + Wastewater » Energy Cr Impact
Crystallization - Sait Recovery Minimization Requirement Phosphate Impact
+ Number of Effects

(Offsite Testing)




Table 4-4. Sludge Preparation Area Testing (Solids Grinding)

Performance Objectives

Primary: 1) Achieve specified solids particle size distribution (PSD). nominalily set at 90-95%
< 200 mesh (75 micron).
2) Achieve specified solids particie size distnbution at sluriy concentrations of 25 -
30 wt% insoluble solids or greater.

Secondary: 3) Optimize net solids holdup time at minimum machine size.

Initial Baseline Conditions (Nominal)
Grinding of sludge solids was not tested as a part of the laboratory test program. Therefore, testing of
the milling of sludges will need to rely on experiential information and empirical results. The following
represent first approximations to conditions expected to achieve the desired performance objectives.
Number of Milling Stages: 1
Mill Holdup Time: 1 - 2 hours batch basis (solids throughput)

Slury Concentration: 25 to 30% suspended solids

Variational Conditions (Potential)

There is no current basis for setting the ranges of operational parameters for vanational testing. The
following are based upon experience and are intended to serve as guidelines only.

Number of Milling Stages: 1

Mill Holdup Time: 1 - 6 hours batch basis (solids throughput)
Slurry Concentration: 20 to 40% suspended solids
Other: Ball charge

Machine RPM

Slurry charge
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Table 4-5. Acid Extracticn Area Testing

Performance Objectives

Primary: 1) Dissolution/extraction of metals to achieve a “nonhazardous” residue in
accordance with the criteria set forth in Table 4-6.

Secondary: 2) Pre-uce a residue which is readily dewatered.
3) Optimize acid stoichiometry in concert with siudge milling requirements, number
of extraction stages, operating temperature and holdup times.

Initial Baseline Conditions {Nominal)

The following “Baseline Conditions” derive from the resuits of laboratory batch testing and should be
considered iitial starting points for the overali test program. As experience is gained through actual
pilot plant operations with different sludges, these conditions should be re-evaluated and new standard
conditions est: . shed as warranted.

Number of Extraction Stages: 3

Milled Solids Particle Size: 90-95% < 200 mesh
Overall Ac:i Steichiometry: 120%

Operating Temperatures: 3rd Stage - 60 C

Znd Stage - 50 C
1st Stage - 40 C

Extraction Holdup Times: 3rd Stage - 2 hours
2nd Stage - 2 hours
1st Stage - 7 hour

Variational Conditions (Potential)

The following range of conditions derive from the results of laboratory batch testing ard should te
considered initial starting points for the overall test program in setting con:itions for narametric tests
during different Test Periods. As experience is gained through actual piloc plant operations with different
sludges, these conditions should be re-evaluated and new ranges established as warrantad.

Number cf Extraction Stages: 2¢r3

Millea Solids Particle Size: 90-35% < 325 mesh to 90-95% < 100 mesh
Overall Acid Stoichiomeiry: 105% to 140%

Operating Temperatures: 3rd Stage - 50-80C

2nd Stage - 40-80C
1st Stage - 30-40C

Extraction Holdup Times: 3rd Stage - 1 to 4 hours

2nd Stage - ! tv 4 heurs
15t Stage - 0.5 i 1 hour
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Table 4-6. Environmental Performance Criteria

Hazardous Waste Standards - Metals in Soils & Solids

Element Concentration Element Concentration

As 15 F 500

B 5 100 Hg ! 2

Be 10 Mo 10

cd | 5 N 160

Co | 50 Pb | 100

Cr 11 100 Se E 10

cu | 100 zn 300

Wastawater Discharge Standards (Penalty-Free)
Parameter Concentration Parameter Concentration
(mg/kg) (mal/kg)

coD 100 Phosphate (Total) 2
Oil & Grease 10 Cyanide (Free) 0.2
Organic Soivent 5 Cyanide (Total) 10
Dete.gent 0.05 (cc/l) Toxicity (Dilution) LC 50% Demand
pH 5-9 (pH units) Ag (Total) 0.1
Total Salt (Natural) 2000 As (Total) 0.1
Tota! Salt 2000 Cd (Total) 0.05
(Technical)
Sodium Equivalent 45 Cr (Total) 1
FPhenol 3 Cr(VI) 0.5 L
Total Floating Mat'! 200 Cu (Total) 2
Bitumen 2 1 Fe (Total) 20
Ammonia (Total, N) 30 Hg (Total) _0._01
Sulfide 2 Mn (Total) 5
Chlorine (Active) 2 Ni (Total) 1 L
Fluoride 10 Pb (Total) 0.2 .
Nitrate 80 Zn (Total) 5
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Table 4-7. Metals Recovery Area Testing

Performance Objectives

Primary: 1)
2)
3)

Secondary: 4)
5)

Complete precipitation of metals to achieve metals concentrations in accordance
with wastewater discharge standards set forth in Table 4-6.

Achieve partitioning of metal values into precipitates compatible with market
acceptability.

Produce precipitates which are readily dewatered.

Selectively remove phosphate from solution.
Optimize use of caustic, soda ash and limestone.

Initial 3aseline Conditions (Nominal)

The following “Baseline Conditions™ derive from the resuilts of laboratory batch testing and should be
considered initial starting points for the overall test program. As experience is gained through actual
pilot plant operations with different sludges, these conditions should be re-evaluated and new standard
conditions established as warranted.

Number of Recovery Stages: 4 (Including Pre-Neutralization)

Chemical Additives:

Caustic
Sodium Carbonate - as solution (~15%)

pH Target Levels: Pre-Neutralization - ~2.8

1st Stage - ~3.3

2nd Stage - ~6

3rd Stage - ~9
Jperating Temperatures: 20 - 35 C (Uncontrolled)
Extraction Holdup Times: 1 hour each Stage
Solids Recycle (Seeding): None

Variational Conditions (Potential)

The following range of conditions derive from the results of laboratory batch testing. These should be
considered initial starting points for the overall test program in setting conditions for parametric tests

during different Test

Periods. As experience is gained through actual pilot plant operations, these

conditions should be re-evaluated and new ranges established as warranted.

Number of Recovery Stages: 3to5

Chemical Additives:

Caustic
Sodium Carbonate
- as solution (up to 20%)
- as slurry (up to 50%)
Limestone
- as slurry (up to 40%)
- PSD of 95% < 325 mesh to 95% < 200 mesh
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Table 4-7. Metals Recovery Area Testing (CONT.)

pH Target Levels: To be determined

Operating Temperatures Controlled (Undefined/Variable)
Extraction Holdup Times: 0.5 to 1.5 hours each Stage
Solids Recycle (Seeding): to 5%?
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Table 4-8. Residue Treatment Area (Onsite Bench-Scale Testing)

Performance Objectives

Primary: 1)
2)
3)

Secondary: 4)
35)

Complete dissolution/extraction of residual metal values {>¥pected to be primarily
Pb or, to a lesser extent, Cd or Cu) to achieve a “nonhazardous” residue in
accordance with the criteria set forth in Table 4-6.

Selectively recover dissolved iron by cementation:.

Produce residue which is readily dewatered.

Minimize dissolution of iron.
Single stage extraction at less than 60 C.

Initial Baseline Conditions (Nominal)

The following “Baseline Conditions” derive ‘rom the results of laboratory batch testing and should be
considered /initial starting points for the overall test program. As expenence is gained through actual
pilot plant operations with different sludges, these conditions shouid be re-evaluated and new standard
conditions established as warranted.

Number of Extraction Stages: 1

Chemicals: Hydrochtonic Acid
Limestone

Operating Temperature: 50C

Extraction Holdup Time: 4 hours

Pre-Extrartion Solids Grinding: None

Variational Conditions (Potential)

The following range of conditions derive from the results of laboratory batch testing and should be
considered initial starting points for the overall test program in setting conditions for parametric tests
during different Test Periods. As experience is gained through actual pilot plant operations with different
sludges, these conditions should be re-evaluated and new ranges established as warranted.

Number of Extraction Stages: 1or2

Chemicals; Hydrochloric Acid
Limestone
Other Additives
Operating Temperatures: 40-60C
Extraction Holdup Times: 2 to 6 hours

Pre-Extraction Solids Grinding:  Tou be determined
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Table 4-9. Byproduct (Na,SO,) R:zcovery Area (Cffline Testing)

Performance Objectives

Primary: 1) Attain 90+% recovery of Na.SO, from residual solution.
2) Attain 98% Na.SO, salt purnity.

Secondary: 3) Minimize dissolution of iron.
4) Single st2ge extraction at less than 60 C.

Initial Baseline Conditions (Nominal)

Byproduct recovery (of Na,SO,) was not tested as a part of the laboratory test program. Testing will
need to be conducted offine and rely on the expertise of crystallization/evaporation o
equipment/systems suppliers.

59




Table 4-10. Summary of Data Recommendations
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Table 4-10A. Sampling/Analysis Recommendations for Demonstration Testing (Part 1)

- General Plant Sludge Preparation
Sodium Mitled Slurry®
Makeup Makeup Sodium Carbonate | Limestone Sulfunic Sludge Solids ; Solution
Water Water Hydroxide Solids Solids Acid Feed Fraction Fraction
(Caid) (Hot) Supply Supply Supply Supply !
Sampling Frequency 12 w L L L L
Anatysis Frequency w w T T L T -] -] 8
Analyses
Subs!rate Cations
AlLminum w w - T T T -] 8 T
Cal.aum w w - T L T R B ) T
ban (1Y) w w - T T T 8 B ; T
Iron (Total) w w - T T T 8 B ; T
Magnesium w w - T T T 8 8 : T
Manganese w w e T T , T B 8 ; T
Potassium w w - T T T B8 8 ) T
Sodium w ) T T T T B 8 T
Tin w w - T T T B 8 T
Titanium w w - T T T B 8 | T
Major Anions E
Carbonate w w - T L - -] B ~
Chloride w w - T T T B [ T
Cyanide w w - T T —-— B 3 -
F'uonde W w - T T T B B8 X T
Nitrate w w - T T T B 8 i T
Phospt ate w w - T T T 8 B T
Silica W w - T T T 8 B T
Sulfate w w - T T T 8 B T
Other Parameters
TSS/% Solids” w w - - B B B 8 --
Solids PSD - - - -~ L - B 8 --
pH* w w - - - - - - T
Acidity/Alkalinny w w T - T T 8 B T
Total Carbon w w -- T T T 8 B T
Ammonia w w — - T - B8 B e
Acid insciubles w w ~ T T T -] B T
Full Metals Suite N N T T T T 8 N T
Target Metals Suite w w T T T T B 8 T
Codes:
B Each "Batch”
L Eachdelivery "Load”
N As "Needed” based upon sludge composition
W "Weekly”
T “Troubleshooting™ onty

Analysis on slurry prior tu splittis ~ into fractions or zolids prior to analytica! vzashing
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Table 4-10B. Sampling/Analysis Recommendations for Demonstration Testing (Part 2)

Acid Extraction Area
15t Stage Intermediate Stage {If Used) Last Stage
Feed Slurry” Filter Cake Fiftrate Filter Cake Filtrate Filter Cake Filtrate ]
Sahas Soluticn As Analyncally Liquor As Anatyticaliy ;  Liquor As Anatyucaity Liquor
Fracton Fracton Produced Washed Produced Washed Produced Washed
Sampiing Freguency -} B 8 8 8 8 B ) B ]
Aralysis Frequency 8 w T T 8 T T T B B T
Analyses
S.ostrate Cansns T T T 8 B8 T
Aourminue B8 w T T 8 T T T 8 8 T
Cazum B w T T B T T T B R T
e 8 w T T 8 T T T B -1 T
ron Tota B w T T 8 T T T 8 8 T
Majresium B w T T B8 T T ; T B8 B8 T
\argarese 8 w T T 8 T T | T 8 B T
Porassm 8 w T T 8 T T : T B B T
Saaum 8 w T T B8 T T I T B8 8 T
“n B w T T 8 T T T 8 s T
Tranium 8 w T 1 B T T i T B B T
M3.or AriGns )
Caroorate 8 w T T 8 T LA ¢ B 8 T
Criaroe a8 w T T 8 T T ! T 8 B T
C,arice B W T T B T T | T 8 8 T
Focroe B w T T B T T . T B B T
tutrate B w T T B8 T T i T B B T
mosorare B w T T 8 T T i T 8 B T
Suica 8 w T T B T A | ] 8 T
Suifate B w T T B T v T 8 8 T
Dtrer Pararmeters
TSS/% Sohas”® B 8 8 8 8 8 8 8 8 -] 8
Sohds PSD 8 - — - — - -— — —_ -— -
pH” - ] - - B - - [} - - -]
ACiaity/Aik3IATy ] B T T [] T T } T -] 8 T
Totat Carbon 8 w r T 8 T T T B 8 T
Ammcria 8 w T T 8 v T T B8 B8 T
Acig insciut-es 8 w T T 8 T T T 8 8 T
Ful Metals Sutte N N T A 4 N T T T N N T
Target Meta's Sutte ] W T T 8 T T T B8 B8 T

B Eacnh Baten”

L Eacn detvery "Load

N As ‘leeded’ based upon siudge compasition

W Veexly

T Troubiestioching only

* Analysis on siurry prior 10 sphitting into fract.ons o soiids pricr to analytical washing




Table 4-10C. Sampling/Analysis Recommendations for Demonstration Testing (Part 3)

Metals Recovery Area
Each Precipitation Stage
Sodium Sodium | Limestone | Reacted Filter Cake Filtrate
Carbonate | Carbonate Slunry Slurry As Analytically Liquor
Solution Slurry Produced Washed
Sampling Frequency 38 B B B B B B
Analysis Frequency T T T B B B B
Analyses
Substrate Cations 8
Aluminum T T T 8 B B B
Calcium T T T B B 8 B
fron (i!) T T T B 8 8 B
Iron (Total) T T T B 8 B B
Magnesium T T T B B B 8
Manganese T T T B B B B
Potassium T T T B B B 8
Sodium T T T 8 8 B B
Tin T T T B 8 8 B
Titanium T T T B B 8 B
Major Anions
Carbonz.te T T T B B8 B 8
Chlorize T T T B -] B 8
Cyanide T T T B B B B
Fluoride T T T B 8 s B
Nitrate T T T B 8 2] 8
Phosphate T T T B B 8 B8
Silica T T T 8 B 8 B
Suifate T T T B B ] B
Other Parameters
TSS/% Solids* 8 B B B 8 B B
Solids PSD —_ w w — - - -
pH* — —_— - B - - B
Acidity/Alkalinity T T T 8 B B B
Total Carbon T T T B8 8 8 B
Ammonia T T T B B 8 8
Acid Insolubles T T T B 8 8 B
Full ‘Aetals Suite T T T T T T T
Target Metals Suite T T T B B B B
Codes:
B Each "Batch”
L Each delivery "Load"
N As "Needed" based upon sludge compaosition
W "Weekly"
T "Trou .leshooting” or.iy

Analysis on slurry prior to splitting into fractions or solids prior to anaiytical washing
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Table 4-11. Wavelengths for ICPES and Flame AA Elemental Analysis

04

Element ICPES Flanje AA
Wavelength (nM) |  Sensitivity (mg/l) Wavelength (nMj ©  Sensitivity (mgrt)
Ag 328 1 . 0.005 328 1 006
Al 3082 | 045 3247 1
As 193.7 0.03 193.7 . 002
Ba 493.4 0.02 553.6 L 004
Be 313.0 0.0005 234.9 0.03
Ca 317.9 0.1 4227 0.08
Cd 226.5 0.003 228.8 0.03
Co 2286 0.05 240.7 0.2
Cr 267.7 0.05 357.9 0.3
Cu 3247 0.02 3247 0.1
Fe 259.9 0.05 248.3 0.1
K 766.5 0.25 766.5 0.04
Mg 279.1 0.25 285.2 0.01
Mn 257.6 0.02 279.5 0.05
Mo 202.0 0.09 313.3 0.4
Na 330.2 0.03 589.6 0.02
Ni 231.6 0.15 232.0 0.2
Pb 220.3 0.05 283.3 05
Sb 206.8 0.03 217.6(231.1) 05
_ Se 196.0 0.08 196.0 0.005(Hydride)
Te 214.3 0.1 |
Ti 334.9 0.15
TI 190.8 0.04 276.8 0.5
Vv 2924 0.08 318.4 0.8
Zn 213.8 0.02 213.9 0.02
Sn 242.5 0.1 286.3 4
(Fe Interference)




Table 4-12. Measurement of Anions and Non-Metallic Elements

ElementiAnion

Method

Reference

C (Total Carbon)

Leco Furmnace (Infrared)

Leco Instrument Manual

CI" (Chloride)

Extraction/lon Chromatography

EPA 300

Cr’® (Chromium)

Extraction/Colorimetric

SW-846 7196A

CN' (Cyanide)

Distillation/Colonmetric

SW-846 9012

F (Fluonde)

Distillation/Fluoride Electrode

APHA 4500-F

NH, (Ammonia)

Distillation/NH, Electrode

APHA 4500-NH,

NO, (Nitrate)

Extraction/ion Chromatography

EPA 300

P (Phosphorus, Total)

Dissolution/Colorimetric

APHA 4500-P

S (Sulfur, Total)

Leco Furnace (Infrared)

Leco Instrument Manual

Si (Silicon)

Dissolution/Colorimetric
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Figure 4-1. Test Program Decision Disgram - Acid Extraction

THIS DIAGRAM HAS BEEN DEVELOPED FOR
THE FIRST VARIATIONAL TEST PERIOD
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Fgure 4-3. Residue Treatment Laboratory Batch Test Configuration

Designations in Bold indicate anticipated

or prefered configuration DEWATER
lron
L—p-Solids I
RESIDVE 18T STAGE RESIDUE 2ND STAGE CEMENTATION
—— (mm""m‘, ACID LEACH —3{ REGRMINOING S ACID LEACH WITH IRON
REOUIRED) (oPTIONAL) (oPTIONAL)
) T '
DEWATER |
(opmioNaL)
Solds g
Limestone
l r Y
HQl RECYCLE/ IRON
i DEWATER OXIDATION
MAKEUP |al={ DEWATER |amgl—{ NEUTRALIZATION h"“ atl—| PRECIPITATION |§—
- el LouOR (oPMONAL) (oPTIONAL) (oPTIONAL)
Other Additives
or Chemicals
Soxds Solds L_ Air
Limeston
Other

Note: This is a test configuration diagram, not a process flow diagram

or Lime




Figure 4-4A. Test Program Decision Disgram - Residue Treatment (Part 1)

TO FOUNE 448
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FIRST TESTING OF RESIDUE TREATMENT
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Figure 4-4B. Test Program Decision Diagram - Residus Treatment (Part 2)




SECTION S: ENGINEERING DESIGN
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5.0 Engineering Design

5.1 Design Drawings and Specifications

All drawings and specifications are contained in appendixes 1. 2, 3, and 4.
5.2 Cost Estimate Summary

Prices in USD exchange rate is the Hungarian National Bank's mean rate of 12 December, 1995. Customs fee
and charges: 23, 5%.

521 Process Equipment

(This ccst includes: purchase price, packing, shipping to the construction/assembling contractar's site of
imported and home machines and equipment, insurance, cost of material management).

5211 Solid material preparaticn area: $ 100, 263.

5212 Acid extraction area: $ 200, 346.

5213 Metal recovery area: $ 300, 437.

5214 Steel structure skids, 21,1 tons: $ 68, 580.
522 Assembling, Fitting of Process Equipment

This cost includes fitting and assembling of all machines and vessels on the skids, assembling the pipelines, pipe
hangers and supports. complete pipe fitting, hydrostatic tests, functional tests per assembly units) $ 377.110.

5.3 Electric Power Transmission

(Cost components: installation of all electric equipment, fittings, cables, complete electric fitting work, functional
tests per units of assembly) $ 70, 810.

5.4 Instrumentation

(The costs include: purchase price of instruments and auxiliary material; for instaliation, complete fitting work.
functional tests per units of assembly) $ 113,745,

5.5 Transportation of the Complete Assembled Plant to the Site: $ 11, 215,- $ 1,688.950.

6.0 Estimate of Further Costs

6.1 Arrangement of the site, creaticn of utilities connections 60,000.
6.2 Participation at and carrying out of test run $ 60,000.
6.3 Modifications as required upon test run experiences (10% on points 1 -4 above) $ 167,775, -

Total: $1,976,725.




GLOSSARY

Galvanic Sludge - Sludges containing waste products ( especiaily metals ) from metals plcting as etching
operations.

PFCD - Process flow and contro! diagram

PFD - Process How diagram

P&ID- Piping and instrumentation diagram

Pilot Plant - A fully operational version in smaller scale of a proposed operating facility. The pilot plantis

intended as a test bed for industrial scale process testing and modificaticn. For this project. the
pilot plant is intended to be used in continuing oper: tion as a transportable satellite of the full
scale plant after process proving.

SCFM - Standard cubic feet per minute
TBD - To be developed

TDS - Total dissolved solids

TSS - Total suspended solids
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ERRATA

Sectlons 5.2.1 et seq are replaced as follows:

5.2.1. Process equipment
(The cost include: purchase price, packing, shipping
to the construction/assembling contractor’s site of
imported and home machines and equipment, insurance,
costs of material management)

5.2.1.1. Solid material preparation Area 100 263.705,-

5.2.1.2. Acid extraction Area 200 346.035, -

5.2.1.3. Metal recovery Area 300 437.755,-

5.2.1.4. Steel structure skids, 21,1 tons 68.580,-
5.2.2. Assembling, fitting of process equipment

(The cost includes fitting and assembling of all

machines and vessels on the skids, assembling the

pipelines, pipe hangers and supports, complete

pipe fitting, hydrostatic tests, functional tests

per assembly units) 377.110,-

5.2.3. Electric power transmission

(Cost components: installation of all electric

equipment, fittings, cables, complete electric

fitting work, functional tests per units of

assembly) 70.810,-

5.2.4. Instrumentation

(The costs include: purchase price of instruments
and auxiliary material for installation, complete
fitting work, functional tests per units of

assembly) 113.745,-
5.2.5. Transportation cf the complete assemktled plant to
the site 11.215,-

Costs of the complete pilot plant equipment 1.688.950,-




5.2.6. Estimate of further costs

5.1. Arrangement at the site, creation of
utilities connections

6.2. Participation at and carrying out of
test run

6.3. Modifications as required upon test run
experiences ( 10 % on points 1-4 above)

TOTAL:

Section 6 1s deleted

60.000, -

60.000, -

167.775,-

1.976.725,-






