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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 fer 
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 ttius greatly enha'lces the plant's serviceability. 

Given the assumptions and Emitations 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 commercially 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 Sludge RP.covery Pilot Plant. 
This Design Basis consists of five parts: Capacity; Siting Requirements; Sludge 
Composition Limitations; Equipment lnclusiontCorfiguration: and Operating As.::.umptions. 
To9ether, these dete;-mine equipment requirements in terms of sco~e (items or units 
;ncluded). sizing and specific features/attributes. 

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

• Capacity - It is d~sired 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. Tt.is 
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 clt about 60-7 5 % 
capacity and only five days per week, the actual throughput during testing would 
probably be less than half the design capacity. 

• Transportability - It is desired to have the pilot plant be transportable (not necessariiy 
mobile). In light 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 t<J al!ow 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;.llable, princ!pally potable water. power 
and compressed air. Thus, generators, compressors and water treatment equipment 
are not included in the design. 

• Sludge 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 limitatior.s identified during the process development work 
and conditions that will minimize the complexity of the system for initial operations. 
"s experience is gained 1r·.:ith equipment operation and performance, the pilot plant 
can be expan1ed, 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 plant design is to keep it as 
simple and as flexible as possible. In addition to the arpects of sludge limitations 
and utilities as notect Jbove, this includes the following considerations: 

minimal use of automatic controls; 
decoupling of sequential batch operations to the greatest eY.tent possible; 
maximum use of hoses for interconnecting sldds and to a lesser extent 
equipment within skids; 
commonality in the selection and design of tanks. pumps, agitators and other 
precess equipment; and. 
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sizing of support systems wherever possible to allow only one shift operation. 

2.2 Process System Definition 

2.2.1 Process System Scope 

A complete Galvanic Sludge Recovery plant based upon the preliminary design developed 
as a part of the Phase II 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 showr. 
in bold. 

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

(21 St•.1dge/solids preparation - Sludge is mixed with (hot) water and milled to a 
prescribed particle size distribution. 

131 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 d1sposa1. 

(41 Metals recovery - Metal values are precipitated from the extract by treatment in 
a succession of st~ps with limestone and sodium carbonate. ihe metals are 
precipitated as hydoxy, oxide carbonates. Some calcium will also be 
precipitated as phosphates and sulfates. 

(5) 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 1·imitations on sludge composition, so equipment 
requirements are provided only as an option. Laboratory scale testing of residue 
treatment should be conducted in parallel with the pilot plant operation, as 
req•Jired, to confirm residue tr.;atment equipment requirements. 

(6) 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 wall
defined. Solutions generated during initial test periods after pilot plant 
shakedown will need to be sent to crystallizatio{l system suppliers for 
evaluation and subsequent design specificatiof" 

(7) Auxiliary support systems - Auxiliary systems include bulk chemical storage and 
feed sy!;tems, scrubber systems, anci 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 avaBable. Scrubber systems are provided only for control of potentially 
significant emissions from the acid extraction area. 
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2.2.2 Prncess Flow and Control Diagrams 

A combined Process Flow Diagram (PFDI and Piping and Instrumentation Diagram IP&IDI 
has been prepared entitled a Process Flov. and Control Diagra1 _, (PFCDI. This type of 
diagram is used for prc.cess systems where there are a limited number of unit operations 
and control concepts are relatively uncomplicated. : he PFC Os are provided in Drawing 
Numbers 95-54 7-1 i J and -111. 

These PFCDs defil'le the b.asic system configuration and delineate the major proc~ss 
system equipment requirements. 

2.2.3 Process Materi:.:il 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 labe:ed 
;)ra11ving Numbers 95-547-100 A, 6, C and D. 

2.2.4 P;oc~ss t:quipment lists 

A Process Equipment List is provided in Table 2-3. Thi!' listing denotes all the principal 
process equipment and identifies equipment type, nominal operating conditions, 
minimum materials of construction and special features, where pertinent and the extent 
that the'f 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 initial tests as well as a preliminary 
list for the Residue Treatment area which is not expected to be required. 

2.2.5 Pr'Jcess !nstrumentation Lists 

Two Procass Instrument Lists are provided. One for !n-Line Instrumentation given in 
Table 2-4ft; and, one for Off-Line Instrumentation given in Table 2-4B. The latter 
includes only that instrumentation required in the Pilot Plant itself to 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. 
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2.3.2 Equipment Layouts 

While ~quipment layouts are the prerogative of the r:tet3iled design function. preliminary 
layout concepts have been developed as a starting point for the detailed design. These 
preliminary concepts derive from an initial assessrr.er.t of logical skid configurations 
based upon considerations of equipment functionality and overall equiprr.ent 
transportC!bility. 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 representadve skids. It must be reiterated that these shuuld be r.onsidered 
preliminary and exemplary in nature. 
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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 mobi'el 

• An e..i:;sting buildingienclosure is available for equipment installation with: 
adequatP. heating and ventilation 
fire prote::tion as required 
safety showers and eye washes 
area containment for spills and leaks 

• Adjacent. contained and covered storage is availabie for sludges and residues 

• Battery Limits utilities and services are available, as follows: 
power 
compressed air 
mahup water 
hot water (optional) 

• Onsite bulk stcrage for chemicals is availablt as foLows: 
concentrated sulfuric acid (93-98%) - tanker trucks can be used 
concentrated sodium hyd(Qxide (50%) - tanker trucks can be used 
waste sodium sulfate liquor (8-20%) - tanker trucks can be used 
sodium carbonate (powder or in - , 5 % solut:on) 
limestone (p0\.1der) 

• Onsite or offsite disposition of th~ treated liquor effluent is available 

Sludge Composition Limitati:>ns 

• Basic sludge types - The system is not uesigned to accommodate the following: 
chloride sludges such as those obtained from HCI pickling operations 
liquids or sludges 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 svstem 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%) 
Fe(ll)/Fe(lll) ratio < 0.1 - the system does not have provisions to oxidize Fe(ll) 
to Fe(lll). This was studied during bench scale testing and was not adequately 
resolved. Further study/analysis is required 
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Table 2-1. Pilot Ptant Design Basis (Continued1 

Equipment Inclusion/Configuration 

System configuration will e!"sentially be a mini-version of the preliminary full scale design 
entailing a series of batch operatioris. The following subsystems/equipment. though. are 
either not included or modified in ~he pilot plant design. 

• Sc1ium Sulfate Crystallization - A cry!;tallization system to recover sodium sulfate 
from the effluent liquor has not been included because the cost would be quite high 
and the dei:.ign 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 pr~liminary 
specification for the liquor composition has been provided as a part of this package. 
It is assumed tti at the liquor can be transported to a pulp and paper mill for 
diSP'JSition. 

• 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 oper'3tion needs to focu!> 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 operatio11, 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 syst2ms. 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 C02 

offgassing can carry entrained acid. The amount of emissions will depend upon 
the design of these tanks and the operating 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 HCI emissions; however, this system is not being installed 
initially. 

(31 Recovery of C02 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 C0 2 emitted in 
this scale of operation. 
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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 anc1 the cycle times (see below). 

• Solids Preparation Area - Solids/slurry milling is assumed to have the capacity to 
operate one !>hift 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 extrar.cion have been provided in 
the design; however. bench-scale testing has indicated <hat 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 results from bench
scale testing. Four-hour cycle times may be achievable. 
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Table 2-2. Pilot Plant Material Balances 

Four complete material balances have been prepared for the expressed purpose of 
developing equipment specifications and determining operating requirements. A number 
of simplifying assumptions. therefore. have bePn 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. 

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

• Three displclcement washes are indicated for filtered sludge residue and two for 
filtered precipitates. These are assumed to remove all dissolved s.-,lids. 

• Partitioning/precipitation of metals as a function of pH are rough estimates. 

• Calcium phosphates are a»umed to precipitate as Ca3(P0_.) 2 at pH le,,els of 6 and 
above. (Actually, at pH levels of 5 to 7.5. calcium qhosphate may precipitate 
preferentially as Ca2HP0,..1 

• SodilMTI carbona~e can be fed either as a solution or a slurry. The solution is 1 5 % 
solids; the slurry is 40 % total solids ( 1 5 % solution + 2 5 % suspended solids). 

• 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 Na2SO, formed 
in the scrubber is returned to the Metals Recovery Area. 

Material Balances Cases 

Assumptions/ 
Conditions 

Sludge 

Type 

Solids Content 

Differentiating 
Characteristics 

Base 
Case 

Composite 

30% 

•Low Solids 
• Mod Alkalinity 
•Mod 
Insolubles 

Optimal 
Operatit>n 

Composite 

35% 

•Avg Solids 
• Mod Alkalinity 
•Mod 
Insolubles 

Typical 
Campaign 

ELZETT 

40% 

• High Solids 
• Low Alkalinity 
• Low Insolubles 
•High Cr.P 

Typical 
Campaian 

BHG 

50% 

• High Solids 
•High 
Alkalinity 
•Low 

Acid Extraction j 
··········································· .................................................................................................................................................. . 
Acid Stoichiometry 130% 

Acid Concentration 20% 

Number of Stages 3 

Cycle Time (HI 6 

Metals Recovery 

Limestone Feed 40% Slurry 

15 % Solution 

110% 120% 

25% 20% 

2 3 

4 6 

40% Slurry 40% Slurry 

15% Solution 15 % Solution 

10 

120% 

20% 

3 

6 

None 

40~..0 Slurry 



Table 2-3. Pilot Plant Process Equipment List 
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Table 2-3. Pilot Plant Process Equipment List (Continued) 
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Table 2-3. Pilot Plant Process Equipment List (Continued) 

'"'-•AIM T .. NwNler Numb« CllpKfty Typell)elcrlpUon 

-1-
Rnld•T......_.. IAIM400) LAT8'1 

! l!Dab 
f Nc.11ar9Qll V401 ' ~11cm. wCl'll.ng...a •1 Zm D120mH .. lllta C-td -Elli- Y402 I .. 1;?cm wcR.ngG •1OmD11 Sm H ltlfttG C-d TllP 

lr<:l\lt ....... 1140] 1 ' .. , 2'c:m wotungillld •1Om011 Sm H ltlfttd ClooeG Tor 
I Pool·-- y- 1 .. , 1cm WCllflunQWll _,Om D., Sm H. lalftta. C-•d 

HCl-MO V40S , .. ,~cm •Clltllfll...al _, 1"'D•, .... H lalftta C-a Tap - .... -.... y- , ... ,~cm wcfttng'tOI I 2"' D 1 1 Im H ltlfttd C-10 

Sc!tQISollKM91 
11-J- 5421 .. ·400 _91...,..., '""'' Piiie & FtM\9 II-- H421 1 ~ ·1S1Hg Wt\ .... dC11t 

bnaJ I 

llit9'tGle FiMii fret\,,_ P401 1 : 0 109"("'91) °'""'"'"" ~ E,.,~ T•a""9r P402 1 I 0 1 OV\1ma1> °'""'"'"" lrCll'lllit~T,_ ... P4'1J 1 0 10&#\(fftH) '"""'""'"' .:''1111-~alGn TreMlllll N04 1 
I 

0 1 0 'llllNll) °'""'"""" """8F1eo P40S 1 ! 0 ..... ,.,. 
_..,..f_ p- 1 ' 0 "'"''""' I 

Ya:J ' 
f----T- A4'11 , 0 -··- ... CMd 8110. luttMN V•r_,. 8".0 _&II_,_ 

A402 ' 0 -·- Pll-llaell ,_,., • .-, S,.ad 

-·-T- A40l I ' 0 -- Plc .. alt1ie11 ,_.,,,_, 9pHd I 

--T- A404 1 0 ··- Pllehed ... Cll T-.Ya- lpoO<I 
I 

HCl-M4T- A40) 1 0 -·· Plellld 811C11 T-Vt- lpted 

---T-
.. _ 

1 I 0 -·- Plched ... Cll T- V1ntlll1 9pHd I 

Sut.'MeRecowery IARM 1001 LATIElt[ 
t 

TMl!stonige IAMA 1001 LATP! 
lCDmb I 

, .. Clt3t•.;e W011"""'2 2 I .. 11cm watlingG • 1 l'l't\ 0 1 l Om H 8AMld Cf'Wf•d 

~Sepecwp 
9-t'llF_l .. P\ W11&S62 2 s-JT_r,.,. 

!!li!m i 

~'--
l't01 & Pi02 l I , 1011\ltNli lloaPh'•llft\ 

!i1lmD -o--.. M01 & "4<>2 2 I 0 -··- Pllclltd ... ell T-no.Yo- !lfffa 
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Table 2-4A. Piiot Plant Instrument List - On-line Instruments 

On-Line Measurements• 
Process Area Equipment Pre Hu re 

Tag Number Lew: Temp. Inlet Oullet pH Flow Other/Comment• 

·-Solids Preparation (Area 100) I I 

I 
I 

~ I I 

I 
Milled Solids Sluny V101 & V102 A I I I 

Mlttl I 
I 

Feed Solids Ball Mill 81 :?1 I I I )Motor Amp1 I i 
~ltds Feeders I I I i 

Mill Feed Conveyor C122 I /Belt SpHd Indication 

I 
I I I I Weight lnd1c1t1on and Tot1lizer 
I I eYn!RI i I ! 

Slurry Transfer P101 & P102 I I 

iJ.nU I i I 
I 

I W1terto Mill ... 
l 

I :l 
Wiler to Slurry Tanks ... I 

I 11u 

Acid Extraction (Area 200) I I I 

~ 
I 

I 

I 1 at Sllge Extr1ct1on V201 I/A I 
ht Shlge Feed Liquor V202 I/A I I 
2nd St1ge Extraction V203 I/A I I 
2nd Siege Feed Liquor V204 I/A I 
3rd Sllge Extr1ction V205 llA I 
Acid MilCIF eed V206 I/A I 

I Vent a.a Scrubber V207 I/A I I I 
Solids S1p1r1t1on 

I 
Re11due Filters S221 & 5222 I I 

ewnu I 

1 at & 2nd St1ge Extr1ct1on P201 & P203 I 
IAir fHd Pre11ure lnJ1c11tion Other Extraction Liquor P202,P204 & P205 I 

Acid Feed P206A & 2068 I I I I 

Sctubber Recirculation P207A & 2078 I I 

I 
I 

L.!!lU I I I 
Water Flow to Acid Mix T1nk I I l/Q ... I I 

I I 

Acid Flow to Acid Mix Tank ... i I llr.l 
Acid Flow lo tat Siege Exlr1cl1on 

I 
llQ I I I 

Acid Flow to 2nd Siege Extr1c.11on I I l/Q 
I 

ACld Flow to 3rd St1ge Extreclion I I l/Q I 

Weter Flow tt' 1st Stage Extr1ct1on I l/Q 
Water Flow to 2nd St1ge Extrecllon I i l/Q 
Water Flow lo 3rd Stage Exlracl1on l/Q 
Wash Water flow to Residue Filter ... 

I I I 
l/Q 

Seat Water to Pumps 201 & 203 ... I I 1/Q 
Slurry Flow from '-'·201 to 5·223 I I I I Flow md1calori. to be "•trap-on" lype 
Slurry Flow from V-203 lo 5·224 I I (e g . Doppler met1u1) 
Scrubber Recirculation I 

I I 
I - --

1.1 



Table 2-4A. Piiot Plant Instrument List - On-line Instruments (Continued) 

On·Line Measurements• 
Process Area Equipment PreHUre 

Tag Number Level Temp. Inlet Outlet pH Flow Other/C.omment1 

Metals Recovery (Area 300) I 
I i I I 

I 'luu.!J i i i I 
I 

Pre1-Neut11 hzatio nlF ee d V301 I/A ' I I I 
I 

i I I I 
I 

Extra Tank • Interim Storage/Reaction V302 & V303 I/A I I I 
' 1st Stage Prec1p1tat1on V304 I/A I I I I I 

I 2nd Stage Precipitation V305 I/A I I I I I 
3rd Stage Prec1p1tation V306 I/A I i i I I 
Sodium Hydro1e1de MilCIFeed V307 I/A I I i 
Sodium Carbonate SolutionM1x/ Feed V308 I/A I ! I 
Limestone (Other) Slurry Mix/Feed VJ09 I/A I I 

Solids Separat!On I 
' 

i 
I 

Byproduct Filters S311-S;j13 I I I i 
f.MmR! I 

Neutral1zat1on. Prec1p1tation & Storage Tank11 P301·P306 I 

I 
i !Air Feed Preuure lnd1ca!lon 

Sodium Hydroxide Feed P307 I 
I I I 

! I I Sodium Carbonate Solution Feed P308 ! I 
L1mestone(Other) ~lurry Feed PJ09 

I 
I !Air Feed Preuure lnd1cal1on 

l..!nU ! ! 
Sodium Hydroxide Feed 10 Vent Scrubber 

I I l/Q 
Sodium Hydroxide to Pr<t-Neutrallzation l/Q I 

I 
Water to Sodium Carbonate Solution Tank ! T I 
Water to Slurry (limestone/Soda Ash) Tank T 
Sodium Carbonat• to Pre-Neutralization I l/Q 
Sodium Carbonate to 1st Stage Precipitation 

I 
l/Q 

Sodium Carbonate to 2nd Stage Precipitation l/Q 
Sodium Carbonate to 3rd Stage Precipitation l/Q I 

I 
Lunestone (Other) to 1st Stage Precipitation l/Q I 

Limestone (Other) to 2nd Stage Precipitation I I l/Q I 
Llmcistone (Other) to 3rd Stage Precipitation I l/Q 

I 

I 
I i Wash Water to 8yprod•1ct Fillers(3) 

' I i l/Q 

Overall System 

I 

I I I 
i 

l..!nU I ' 
I ' i Total Water I T 

I I 
I 

Total Water to each Area T 
Waler on each Hose I I : l/Q 

Notations 
A Local Alarm 
I Local Indication 
Q Local Totalizer 

15 



Table 2-48. Pilot Plant Instrument List - Off-line Instruments 

Instrument Description 

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

Acid Extraction 
• Bench top pH meters (2) 

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

Overall System 
• Single pan analytical balances (2) 
• Microwave ovens (2) 
• Assorted labware for ~cid/base titrations 
• Spring density meter 

Instrument Requirements/Comments 

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

High sodium electrodes 

Cart weight plus one ton of solids 
High sodium electrodes 

Complete set-up for dcidity and alkalinity titrations 

16 
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'-....-: -
Drawing No. 95-547-tOOA 
Sludge-Composite 
levd9 n.. ,.,: -IE.trectloa • 

Bvarocltlct • 
Acid Stolc•lo..trw 1.3 - FHtor ••• 

I 

._Nwlllber 25 28 27 21 29 30 31 32 33 

.. _ DeacrlDlloa llauar lm.stone Cf Sodkm PoMner PNC!nllate Wash Waler F•erCaka Llauor LlmeSton1 
I Fllrate ISacaa c.tlonlit• Slurry . - Filtrate ~Cali . 

40-S 15% co-. 
eo-•lo•• kaldav ka/day ka/dav kg/dav ka/day kg/day ka/day ka/dav kg/da1 
Callon& -- ~II 0.00 0.00 0.00 0.00 

15 03 15.03 15.03 0.00 -As 0.1)0 0.00 0.00 0.00 
e. 9.00 0.00 0.00 0.00 
ca ,.08 ,1.41 45.47 41.92 :l.55 0 
Q:I 1.7• 1.74 0.00 1.7, 
Co o.oe 0.06 0.00 0.06 
Cr 11.40 11.,0 11.39 0.01 
lll 11.80 19.80 16.25 3.55 
Fe(Totatl 0.59 0.59 0.45 0.14 
K 0.60 :>.60 0.00 0.60 
IMD 8.47 8.47 O.Ol 6.47 
Mn 0.47 0.47 l!.47 0.00 
MD 0.00 0.00 0.00 0.00 
NI 251.32 11.94 277.27 0.00 H7.27 
NI 18.20 18.20 0.00 16.20 
Pb 0.00 0.00 0.00 0.00 
Sb 0.00 0.00 0.00 0.00 
Sn 1.7, 1.74 0.00 1.74 
Te 0.00 0.00 0.00 0.00 
Tl 0.00 0.00 0.00 0.00 
Tl 0.00 0.00 0.00 0.00 
Zn 42.80 42.6(1 0.00 42.80 

Sublolal Metal Cations 379.09 '1.'1 11.94 439.4, 15.50 353.94 o. 
IH rAcldllv as H+l 0.00 0.00 0.00 0.00 

T olal Callona 379.09 '1.'1 11.94 ,39.44 15.50 353.94 0 
Anions 

Qi 0.00 0.00 0.00 0.00 
C03 crotan 0.00 62.12 2'.71 H.13 H.39 0.43 o. 
a 0.80 0.80 0.00 0.80 
P04 (Tot•r 72.00 72.00 68.J7 5.83 
504 (To.All 701.27 701.27 O.C\l 701.27 

T olal Anions 773.87 82.12 24.71 160.70 152.77 707.93 o. 
To .. I Selta 1 152.17 103.!i3 43.85 1 300.14 238.27 1,081.87 OJ ... ,. 0.00 5.11 0.08 5.25 5.25 0.00 OJ 

To ... loflda 1 152.97 108.70 ,3.15 0.08 1 305.39 243.52 1 081.87 ~ 
H20 7 101.45 113.08 247.37 37.59 7,558.41 417.04 243.52 ;,838.94 -~ 
0020.. : 

To ... ltrHm 8,281.42 271.71 291.02 37.87 ~1.17 487.04 417. 14 9 898.11 o. 
LHdlna (kafcvctel 2,015.38 87.94 72.78 9.42 2,215.47 121.78 121. 78 2 174.70 ~ 
llulinum Flow (I/ml 59.24 1.38 2.08 82.17 4.05 83.84 0 
llulmum Tema (Cl 30 
Wt% To .. I Solld8 14.0 40.0 15.0 0.2 14.7 0.0 50.0 12.2 o.o 
Wt% lnaolubll Sol* 0.0 40.0 0.0 112 2.7 o.o 50.0 3.0 0.0 
IDHI 8.0t0.25 

' 
' 

' ' ' ' ' ' 
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30 31 32 33 3" 35 38 37 38 31 
~Wiiiet' FM•C.118 Lllluor llmeslone or SodUn PnMnH Pr-bl• Wah Waler FllerC* lllnlMw 

~ Flftrlte SGdknCI~ C.rbonlte SlunY Fil rate , .. 
40'J. 15'9 

11/dav k«J/dav ka!dav kg/day kg/day kg/day kg/day kg/day ka/day ka/dav 

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 

41.92 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 3.55 3.55 0.00 
0.45 0.14 0.14 0.14 0.00 
0.00 0.60 0.60 0.00 0.60 
O.Oli 6.47 6.47 4.56 1.91 
0.47 0.00 0.00 0.00 0.00 
0.00 Cl.00 0.00 0.00 0.00 
0.00 277.27 55.09 332.38 0.00 332.36 
0.00 16.20 18.20 16.20 0.00 
0.00 0.00 0.00 0.00 0.00 
0.00 o.oo 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 4:!.80 42.60 42.60 0.00 

85.50 353.94 0.00 55.09 409.03 72.42 338.81 
0.00 0.00 0.00 0.00 0.00 .. 

85.50 353.94 o.on 55.09 409.03 72.42 338.81 

0.00 0.00 0.00 0.00 0.00 
86.Z9 0.43 0.00 7UJ6 72.29 71.50 0.79 

0.00 0.80 O.GO 0.00 0.80 
88.37 5.83 5.63 5.83 0.00 

0.00 701.27 701.27 0.00 701.27 
152.77 707.93 0.00 71.86 779.79 77.13 702.86 

238.27 1,081.87 0.00 128.95 1 188.82 149.55 1,039.27 

5.25 0.00 0.00 0.08 0.08 0.08 0.00 . 
243.52 1,081.87 0.00 128.95 0.08 1 188.90 149.83 1 039.27 

4;i7,04 243.52 7,8::.8.94 0.00 719.37 41.78 8.398.09 299.27 149.83 8.547.72 

487.04 487.04 8,H8.81 0.00 848.31 41.87 9 588.99 299.27 299.27 9.588.99 

121.71i 121.78 2,174.70 0.00 211.58 10.47 2 398.75 74.82 74.82 2 3N.75 
4.08 83.84 0.00 5.99 89.98 2.0 71.23 

30 
0.0 !O.O 12.2 0.0 15.0 0.2 12.4 o.o 50.0 10.8 
0.0 50.0 3.0 0.0 0.0 0.2 1.8 0.0 50.0 0.0 

9.0t0.5 9.0t0.5 

' 

' ' 

' ' ' 
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Drawing No. 95-547-100A 
Sludge-Compoalt• .. 

c--. n.. c•>= . 
Edrectt .. • . 
BwarCHhlct • -

Add Stolc•to.etrY 1.3 . - - Fedor ••• -
I 

St1MMN11..._ 10 11 lnT.nk 12 13 14 15 1& 17 " 15 1& 17 11 18 20 21 22 23 24 --- ... Elllracllon SodUn lnl•rmedlal• Socalm ~llimlr:ll Pr.cinla1e Wash Water ~Saids Lllluof Pr9dnllate WashWalll Fibr9d Saids L- Lnntone Of Socllllll ~..- f"OMller .. WashW ... FlllrCab 
Lkwm PreNeWdzed Carbonale OHoas Sb!y • Fllra· ~ Sbnr 1W...-m F•rate Sadll.- CMlonate onaac Sbnr 

50% llauor 15-. 40 .. 15 .. 
- ...... ka/day kg/day kaJday kg/day ka/day ka/day ka/day ka/day katd2 _'. ta/day ta/day ta/day ta/day katc1ay ta/day ka/day tGtGay kg/day Im/day kn/day 
Cations 

Aa 0.03 0.03 0.03 0.03 ( I 0.03 0.03 0.00 0.00 0.00 
Al 15.03 15.03 15.03 0.00 1! I 15.03 0.00 15.03 15.03 0.00 
As 0.09 0.09 0.09 0.09 (1 0.09 0.09 0.00 0.00 0.00 
Ba 0.00 0.00 0.00 0.00 ( I 0.00 0.00 0.00 0.00 0.00 
Cl! 4.01 4.06 4.06 0.00 "'' 4.0I 0.00 4.0I 4.01 0.00 
Cd 1.74 1.74 1.74 0.00 l 1.74 0.00 1.74 1.74 0.00 
CA 0.01 0.06 0.06 0.00 ( o.oe 0.00 0.0I o.oe 0.00 
lit 11.40 11.40 11.40 0.00 11 11.40 0.00 11.40 11.40 0.00 
cu 19.10 19.10 19.80 :t.00 1~ 19.llO 0.00 11UO 19.10 0.00 
fe(Tolal) 12.03 62.03 62.03 0.62 6" 62.03 0.12 11.41 11.41 I0.12 
K 0.10 0.60 0.60 0.00 ( 0.60 0.00 0.60 0.IO 0.00 
Mii 8.47 6.47 6.47 0.00 t 8.47 0.00 8.47 8.47 0.00 
Mn 1.82 1.62 1.62 0.00 1.82 0.00 1.12 1.82 1.15 
MD 0.00 0.00 0.00 0.00 ( 0.00 0.00 0.00 0.00 0.00 
Na 17.40 112.87 180.07 1.17 111.24 0.00 11· 181.24 0.00 181.24 77.01 251.32 0.00 
N 18.20 16.20 16.20 0.00 1t 18.20 0.00 11.20 18.20 0.00 
Pb 0.03 0.03 0.03 0.03 ( 0.03 0.03 0.00 0.00 0.00 
Sb 0.00 0.00 0.00 0.00 ( 0.00 0.00 0.00 0.00 0.00 
Sn 1.74 1.74 1.74 0.00 1.74 O.CIO 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 
Tl 0.08 0.08 0.08 0.00 (. 0.08 0.00 0.08 O.OI 0.06 
Tl 0.08 0.06 0.08 0.08 ( . 0.08 0.08 0.00 0.00 0.00 
Zn 42.80 42.80 42.80 0.00 4;. 42.80 0.00 42.80 42.80 0.00 

Sublofal Melli CatiC?IS 201.32 162.87 383.99 1.17 365.18 1.13 36·. 365.18 1.13 364.04 0.00 77.01 '41.12 82.04 
H lAcldlY as H+I 7.13 0.05 0.00 0.00 ( 0.00 0.00 0.05 0.00 0.00 

Total Clllons 201.45 112.87 384.05 1.17 365.11 1.13 36·. 315.18 1.13 314.08 0.00 77.08 441.12 82.04 

Anions 
Gt 0.00 120:23 0.00 0.00 0.00 (. 0.00 0.00 0.00 0.00 0.00 
C03 (Total) 0.00 0.00 1.53 1.27 1.27 ( 1.27 1.27 0.00 100.54 99.30 99.30 
a 0.80 0.60 0.60 0.00 ( 0.80 0.00 0.80 0.80 0.00 
P04 (Total) 72.00 72.00 72.00 0.00 7;. 72.00 0.00 72.00 72.00 0.00 
504 (Total) 701.21 701.27 10~ .21 0.00 70 701.27 0.00 701.27 701.27 0.00 

Total Anions 773.87 120.23 773.17 1.53 775.15 !.27 77 775.15 1.27 773.87 0.00 100.54 873.18 99.30 
.... -- ~:: 

Total Salla 982.:13 212.10 1,137.92 2.70 1,14o:3T- 2.40 1, 13 1,140.31 2.40 1 137.98 0.00 177.83 1.314.30 111.34 
~- :=.::.:= 

IMrt 0.00 0.00 0.00 0.00 ( 0.00 0.00 0.00 0.01 0.07 0.07 -Tot.II loUdl 982.33 282.IO 1 137.92 2.70 2.40 1, 13 1,140.3~= 
~:--.. 1 140.31 2.40 1 137.98 0.00 177.13 0.01 1 314.37 181.41 

H20 5 477.51 282.10 5 887.10 15.21 5,900.7! __ 
~ -- 4.80 2.40 5,90 5 900.77 4.80 2.40 5 805.58 0.00 1 008.55 34.58 5.715.14 322.81 111.41 

C020. 0.11 0.11 

Tot.II 91,... 8 459.12 515.81 7.025.73 17.11 0.11 7,041:«i1~ ·-- 4.10 4.80 7,04' 7 041.08 4.80 4.10 7 043.52 0.00 1 184.18 0.11 34.13 8.100.01 322.81 322.81 ...... 
L .. clllta tutcYclel -- ._ .. 

1 76 ' 1 780.27 10.70 1 814.18 141.45 1.758.43 4.50 0.1)5 1.780.2"7 1.20 1.20 1.20 1.20 1 780.88 0.00 218.04 0.23 1.88 2.025.00 I0.70 -Mui- Flow Clf•) '5.85 2.38 49.07 0.13 49.17 0.04 4• 41.17 0.04 41.21 0.00 8.39 58.55 2.89 
Mui. ... T-(C) 40 40 35 35 30 
Wt1ft Total Solle!~ 15.2 50.0 18.2 15.0 0.0 18.2 0.0 50.0 18 ! 18.2 0.0 50.0 18.2 0.0 15.0 o.o 0.2 18.2 0.0 50.0 
Wt1ft lneofuble Sol .. 0.0 0.0 0.0 0.0 0.0 0.i) 0.0 O.< 0.0 0.0 0.0 0.0 0.0 0.0 0.2 2.0 0.0 50.0 
DHI -1 2.5t0.25 2.75t0.25 2.75t0.25 3.25t0.25 
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Dnlwlng No. 95-547-100A 

Sludge-Composite 
ic-lllT1mM,.. .. 

&trectlM I ·---ct I 
Aclll S. - - 1..3 
·- ftldlK ••• 

I ._......,. 1 2 3 4 5 

se.... ~ a.- Fffll~ lu.ir-.. w,,... .... SlunY Suluric Add riii.ir ... w.., 
I DIYSolds 30~ 25'1. 93~ 

I 
1 .. amlla lrn/dav kaldaY ta/day • 
c::. -An 0.05 '1.03 0.03 

Al 30.00 11.00 11.00 

IAs 0.15 0.01 0.09 

Bl 0.50 0.30 0.30 

Q 74.00 44_40 U.40 ,. ... 2.90 1.74 1.74 

en 0.10 O.OI 0.06 

er 19.00 11.40 11.40 

QI 33.00 11.10 19.10 

Fe(Talall 105.50 63.30 13.30 

K 1.00 0.60 0.60 

IMl:I 11.00 ·-·~ 
1.10 

Mn 2.70 1.12 1.62 

MD 0.00 0.00 0.00 

NI 29.00 17.40 17.40 

N 27.00 11.20 11.20 

Pb 1.00 O.IO 0.60 

Sb 0.00 0.00 0.00 

Sn 2.90 1.74 1.74 

Te 0.50 0.30 0.30 

Tl 3.60 2.11 2.11 

Tl 0.10 0.01 0.01 

2n 71.0V 42.IO 42.10 

SulllaClll ...... Cllllon& 415.00 249.00 249.00 0.00 0.00 

IH IAdlllY .. H+\ 0.0!> 0.00 0.00 11.05 

Toe.I Clllonl '15.00 249.00 249.00 11.05 0.00 

Anions 
U1 110.00 H.00 H.00 

co:l ITOUD 114.00 tl.40 91.40 

a 1.00 O.IO 0.10 

P04 nnian 120.00 72.00 72.00 

$04 ITcUD i)0.00 54.00 54.00 770.11 

TcUIAnlana 535.00 321.00 321.00 770.11 0.00 

Tot.I .... 950.00 570.00 570.00 781.17 0.00 

IM'1 50.00 30.00 30.00 0.00 

Tolel 9olldl 1.000.00 100.00 100.00 781.17 0.00 

H20 1 400.00 400.00 1 I00.00 59.21 3,017.45 

0020.. 0.00 0.00 

Toe.I II,_. 2 000.00 400.00 2 400.00 145.11 3,017.45 

11--~- ·--·· 
500.00 100.00 100.00 211.47 771.81 

._..._, ... °'•' 3.92 25.73 

llal-•• T- IC\ 30 15 40 30 25 

M1r.ToWlo .. 30.0 25.0 93.0 0.0 

M%111..W. ....... 30.0 25.0 0.0 0.0 

IDHI 

-

• 7 • 
Suluric Add 

,.~,__ WashY· • 7 I 

20'1. aaaas '!f ScAillc Add ic.llftft n..w. w..bWMlf 
20'1. a.ms 

ka/daY kafdaY kg/d;. 
llatclaY kafdaY tnldav 

-

-~ 

--

0.00 
11.05 0.00 

11.05 11.05 - 11.05 -· 

770.11 
770.11 0.00 - 770.11 

781.17 0.00 ~ 770.11 0.00 0.00 

0.00 
.. , ill.17 1).00 0.00 -

781.17 0.00 .. 0.00 

3,141.11 2.21 ec:> 781.17 0.00 0.00 

72.11 
.. 3,141.11 2.21 103.04 0.00 

3,933.33 74.42 e;. 0.00 72.11 
.) 3 933.33 74.42 103.04 

913.33 11.10 ,. 
21.22 " 913.33 18.10 150.71 

85 l 21.22 5.03 
20.0 0.0 0 15 

0.0 0.0 (I - ,0.0 o.o 0.0 
4'.0 0.0 0.0 

• 10A 
Washld 111 SllMl9 

Reliill Slunv 

ta/dH ka/daY 

0.00 
2.17 
0.00 
0.30 

40.34 
0.00 
0.00 
0.00 
0.00 
1.27 
0.00 
0.13 
0.00 
0.00 
0.00 
0.00 
0.57 
0.00 
0.00 
0.00 
2.10 
0.00 
0.00 

47.11 
0.00 

47.11 

0.00 
0.00 
0.00 
0.00 

123.34 
123.34 

171.01 

30.00 

201.01 

201.01 6,072.15 

402.02 7,412.45 

100.51 1.115.11 
50.11 

40 
50.0 tlU 
50.0 4.0 

.... 
' I "' 

'- - -- ~ 

108 10C 
111- 2nd~ 

~ Slunv 

IUl/day IUllday 

595.01 4 510.92 

1.002.53 5173.41 

250.13 1.411.35 
4.H 31.17 

50 
40.I 22.0 
30.0 3.1 

100 10E 10F 10G 
2nd ... - 2nd- 31dS.- 31d~ 

&Ired ~ gm; ExtrKI 

lrnMav kaldaY lrnldaw lla/dav 

4.143.74 437.11 3 513.14 3qas.1e 

5, 131.17 731.54 4.IH.17 4.170.11 

1,214.22 114.13 1.187.47 1.217.72 
34.53 3.14 21.17 33.22 

IO 
11.3 40.1 23.3 11.2 
0.0 30.0 4.3 0.0 
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Dniwlng No. 95-547-1008 

Sludge-Compo•ll• 
le-la Tilll9a .. ., 

l&tractlN .. 
•- d 4 

AcM - 1.1 
FKtor I.I 

I 
~ ....... ' 2 3 4 ...... .,.. Feedsalllm -w- llllldSbiw Sulwic Add 

I lllvSol:fs 35'1. 25'1. 13'1. 

I 
alllllka ka/daY koldaY 

~ -A.a 0.05 0.03 0.03 

A.I 30.00 11.00 11.00 

'" 0.15 0.01 0.01 

e. O.SG 0.30 0.30 

Cl 74.00 44.40 44.40 
nil 2.80 1.74 1.74 
On 0.10 0.08 0.06 

er 11.00 11.40 11.40 

a.. 33.00 11.IO 11.IO 
fe((nt.ll 105-SG 13.30 13.30 

k 1.00 O.IO 0.10 

11111 11.00 I.to t.10 
IA\ 2.70 1.12 1.12 

Un 0.00 0.00 0.00 

NI 21.00 17.40 17.40 

N 27.00 11.20 16.20 

Pll 1.00 0.10 0.10 

Sb 0.00 0.00 0.00 

Sn 2.80 1.74 1.74 

Ta 0.50 0.30 0.30 

Tl 3.10 2.11 2.11 

Tl 0.10 0.08 O.OI 

Zn 71.00 42.10 42.eo 

SutleoClll ...... Calions 415.00 241.00 241.00 0.00 

IH IAddlv .. H+\ 0.00 0.00 0.00 13.51 

TcUI Cllllonl 415.00 241.00 241.00 13.51 

Al*ll1& 

"" 110.00 H.00 H.00 
~ fTNAI\ 114.00 H.40 H.40 

Cl 1.00 0.10 0.10 
P04 (lalal\ 120.00 72.00 72.00 
soc (lalal\ 80.00 54.00 54.00 H2.01 

TcUI Al*ll1& 535.00 321.00 321.00 152.01 

T ........ 150.00 570.00 57C.OO 115 ... 

•rt 50.00 30.00 30.00 0.00 

T ......... 1 ooc;.oo 100.00 100.00 115 ... 

H20 1,114.21 115.71 1,I00.00 50.10 

C020.. 0.00 0.00 

,.... - 1.71'.21 115.71 2.400.00 715.74 

·----- ~., 215.71 114.21 400.00 111.21 

_.._ Flow Ill•' 2.21 
..... ._TwlC\ 30 15 40 30 

"'"' , .... Sollds 35.0 25.0 13.0 

"'"' .. eolub .. 8olldl 35.0 25.0 0.0 
11111 

-

5 • 1 I 
~Waler Sulwic Acid ~lllmlidl WashW. I 1 

25'1. 09oas -= Sulurtc Add ~ .......... 
25'1. c-.: 

tel/day kg/day ka/daY ka/dil 

kaJday kalday 

..__ 

0.00 0.00 
13.51 0.00 

0.00 13.58 13.51 
13.51 

152.01 
0.00 152.01 O.GO r 152.06 
0.00 115.14 0.00 0 152.01 0.00 

0.00 HS.IC 0.00 

0.00 115.14 0.00 ( 0.00 

1,141.12 1,Hl.12 2.21 112 115.14 0.00 

0.00 72.11 1 IH.12 2.21 

1 141.12 2,112.51 74 . .C2 11; 0.00 72.11 

324.47 443.71 12.4G 10~. 2.812.51 74.42 

10.12 11.01 :; 443.71 12.40 
25 Cl5 11.01 
0.0 25.!I 0.0 o:c es 
0.0 0.0 0.0 o.r 25.0 0.0 

0.0 0.0 

·. 

-- . ._,,. 

I I 10A 108 
w ... ...., W..t.d 1• si.- Not 

Amill Slnw Ulld 

Im/day kaldaY lraldav knldaw 

0.00 
2.17 
0.00 
0.30 

41.21 
0.00 
0.00 
0.00 
0.00 
1.27 
0.00 
0.13 
0.00 
0.00 
0.00 
0.00 
0.51 
0.00 
0.00 
0.00 
2.10 
0.00 
0.00 

41.10 
0.00 

41.to 

0.00 
0.00 
0.00 
0.00 

125.55 
0.00 125.55 

0.00 174.15 

30.00 

0.00 204.15 

112.45 204.15 4124.50 

112.45 408.30 1.202.17 

102.07 11.05 1.033.78 
3.40 27.31 

40 
0.0 50.0 20.1 
0.0 50.0 4.1 

,,,,~ 

r .....__ 

10C 
Nol 
Ulld 

lrn/day 

100 
Not 
Ulld 

aatdaY 

10E 
111Slmm 
s.a. 

ltaldaw 

590.37 

1 010.37 

111.40 
3.21 

41.I --30.0 

10f 106 
lnlS.- 3rd~ 

Slim Extrecl 

lmldaw uJdaw 

2 517.21 2.195.50 

3.172.13 3.877.0I 

112.11 141.18 
14.37 11.14 

eo 
21.1 22.7 
5.1 0.0 



Drawing No. ~7-1008 
Sludge-Composite 
lcYaen... iM: 

btr.U.. I 4 
Brprocl!d I 4 

AcW 9eoldal1•1tnr 1.1 
- F8dor I I.I 

I I 
j_ - ? 1 

'-._; ~/' ~ 
'- .... -

~....... --~ 11 lnT.. 15 15 HS 23 

a- &ltadlon Sodlln = Wash Waler ~~:e Wash Water flllr9d SoHs le Wash Wat• 

50~ l 
kalday kg/day kglda .. kalday kaldaY kg/day kg/day kalday kg/day kgtdav 

--

ka/day 

:Aa 0.03 0.03 0.03 · _ 13 0.03 0.00 0.00 0.00 
~ 15.03 15.03 15.03 o.oo .. ,3 0.00 15.03 15.03 0.00 

~ ft03 

!As 0.09 0.09 0.09 °-09 ,9 0.09 0.00 0.00 0.00 
Bii o.oo o.no o.oo o.oo ·10 o.oo o.oo o.oo o.oo 
Cl 3.14 3.14 3.14 o.oo ·4 0.00 3.14 3.14 0.00 
Cd 1.74 1.74 1.74 O.OO •4 0.00 t.74 1.74 0.00 
CA 0.01 o.oe 0.06 0.00 16 0.00 O.OI 0.06 0.00 

ier 11 .40 11 .40 tt .40 °-00 _· ;o o.oo 11 •40 11 .40 o.oo 
• cu 11.eo 19.ao 19.ao o.oo .:io o.oo 11.10 tt.ao o.oo 
I Fenocan 62.03 12.03 62.03 °-62 

13 o.62 61 .41 61.4' 60.95 
K - 0.60 0.60 0.60 0.00 ;o 0.00 0.60 0.60 0.00 
IMll 1.47 6.47 6 ·47 o.oo t7 o.oo 6.47 6.47 o.oo 
"" 1 .12 1 .12 1 .62 o.oo "}2 0.00 1 .62 1.12 1.25 
Uc» o.oo o.oo o.oo o.oo • ~o o.oo o.oo o.oo o.oo 
iNI 17 .40 106. 12 123.52 t. 17 124.69 O.OO • :;9 0.00 124.69 77 .33 202.02 0.00 
1N 11.20 11.20 16.20 O.OO :.o o oo 11 20 11.20 0.00 
Pb 0.02 0.02 0.02 °-02 ~2 0:02 o:oo 0.00 0.00 

ISb 0.00 0.00 0.00 0.00 -io 0.00 0.00 0.00 0.00 
sn 1.74 1.74 t.74 o.oo •4 o.oo 1.74 1.74 o.oo 
Te 0.30 0.30 0.30 0.30 iO 0.30 0.00 0.00 0.00 
Tl o.01 o.01 o.06 o.oo ~1 e.oo o.01 o.01 o.01 
Tl o.oe o.01 o.06 o.01 =1 o.oe o.oo o.oo o.oo tin 42.10 42.60 42.60 0.00 '::o 0.00 42.&0 42.10 0.00 

~MNICallonl 200.40 106.12 301.52 1.17 307.69 1·12 ""'-;9 1.12 301S.S7 o.oo 77.33 313.90 12.27 
IH IAdiltv .. H+) 4.H 0.04 o.oo o.oo .,:JO 0.00 0.03 0.00 0.00 

TCUICallon& 205.0I 101.12 301.57 1.17 307.H 1·12 -.:;9 1.12 301.11 0.00 77.33 313.90 192.27 
Anions 

™ c.oo 11.4' e.oo o.oo o.oo ~o o.oo o.oo o.oo o.oo 
r-"'l llotan o.oo o.oo 1.52 t.27 1·27 ~ 7 1.27 o.oo 100.11 99.12 19.112 
a o.eo 0.10 0.10 o.oo :JO o.oo 0_10 0.10 o.oo 
P04 mun 12.00 12.00 12.00 o.oo • ; 0 o.oo 12.00 12.00 o.oo 
S04 lloa.1'1 510.51 510.51 510.51 o.oo -:;1 0.00 510.51 580.51 0.00 

Toe.I.Anion& 853.11 71.44 853.11 t.52 154.31 l.27 r;:JI 1.27 853.11 o.oo 100.17 752.73 91.112 

Totel Sella 151.11 114.58 959.117 2.19 982.07 2.39 !::i7 2.39 959.71 0.00 171.20 1 131.13 111.19 

l•rt o.oo o.oo G.oo o.oo :JO o.oo o.oo o.oe o.oe 0.01 

Totel..... 851.11 114.51 9S9.17 2.6!. 912.07 2·39 fl'l7 2.39 959.71 0.00 171.20 0.06 1 131.19 111.94 
H20 4,334.13 114.58 4 eo1.15 15.21 4,114.70 4·71 2·39 4.e;0 4.71 2.38 4119.41 o.oo 1 009.79 21.15 15 495.14 323.19 1s1.94 
0020. 0.11 0.91 

Totelscr... 5192.29 319.13 15511.42 17.H 0.19 5,5711.77 4.79 4·71 5-~.7 4.71 4.71 51579.tl 0.00 1117.19 0.91 21.20 1132.153 323.H 323.19 

Lo•._ H1•-c1e> 165.31 11.52 921.90 2.99 0.03 129.41 O.IO O.IO '~1 0.10 0.10 929.17 0.00 191.00 0.15 4.70 1105.42 53.H 53.91 
.... ._Flow tr•> 24.0I 1.03 25.57 0.01 25.114 0.03 "'.4 0.03 25.11 0.00 5.11 30.53 1.10 
Mu .... T-1Cl 40 40 35 30 
W1% Totel Sollds 11.5 50.0 . 17.3 15.0 0.0 17.3 O.O 5o.o 1 o.o 50.0 17.2 o.o 15.0 0.0 0.2 17.1 0.0 ~ 
""'............. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 __ c.. 0.0 0.0 0.0 0.0 0.0 0.2 2 4 0.0 50.0 
IDHI -1 2.5t0.25 2. 75t0.25 -5 3.25t0.25 



Dnwlng No. 95-547-1008 
-

Sluctg.-Compoalte 
C'lde n.. ,.,: 

EatractlOll 4 ·---ct 4 
.ldd Sl~lometnr ~ .1 
- - FKtor ••• I 

sere-• .... 
ser.- - IOll 

U-eo .... 11o11. 
calllln& 

IAa 
Al 
As 

Ba 
~ 

Dlf 

co 
Cl 
~ 

fe(Tolal) 
K 
IUD .... 
MD 
Na 
N 
Pb 
Sb 
Sn 
Te 
Tl 
Tl 
Zn 

Subtotal Metal Cations 
H (Acldly as H+) 

Total C811Dns 

Anions 
CJ-I 
c03 rrotan 
a 
P04 (Tolall 

S04 <Totan 
Total Anions 
Tctal lelll 

IMrt 
Total Solld9 

H20 
0020.. 
Total•,_. 

LoadlH fllllfcwctet 
... ..._ Fie.• (lflnl 
Mn--T-lCI 
Wft.Tobl lol* 
wnr. lllHluble lolld9 
IDttl 

i 

. 
25 

uai-

' '--

28 

,. 

l.lme5'ofle or 
fllrale ISoClllD 

40"1. 
ta/day ka/day 

0.00 
15.03 
0.00 
0.00 
3.14 42.33 
1.74 
0.06 

11.40 
11UO 
0.48 
0.110 
8.47 
0.37 • 
0.00 .... 

202.02 
18.20 
0.00 
0.00 
1.74 
0.00 
0.00 
0.00 

42.80 
321.64 42.33 

(0.01 
321.63 42.33 

0.00 
0.00 83.50 
0.80 

72.00 
510.51 
853.11 63.50 

974.74 105.83 

0.00 5.29 

974.74 111.12 

5 811.73 1H.88 

8 794.47 277.80 

1 132.41 48.30 
32.33 0.93 

14.3 40.0 
0.0 40.0 

--

i 
I 

27 21 29 30 31 I 32 
Sodkm Pulvmer P-l• Wash Water FilwCab ' LlmMw 

Carbonate SU?Y - . Fiftrate 
15"1. 

ka/day kg/day kalday kg/day kg/day i kg/day 

0.00 0.00 0.00 
15.03 15.03 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

45.47 42.56 2.91 
1.74 0.00 1.74 
0.06 0.00 0.06 

11.40 11.39 0.01 
19.110 16.89 2.91 
0.46 0.35 0.12 
0.60 0.00 0.60 
8.47 0.00 6.47 
0.37 0.37 0.00 
0.00 0.00 0.00 

11.1• 220.17 0.00 220.17 
16.20 0.00 16.20 
0.00 0.00 0.00 
0.00 0.00 0.00 
1.74 0.00 1.74 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

42.60 0.00 •2.60 
11.1" 312.11 H.59 295.52 

0.00 0.00 0.00 
tl.14 312.11 H.59 295.52 

0.00 0.00 0.00 
23.67 17.18 H.73 0.'3 

0.80 0.00 0.60 
72.00 U.39 4.IS 1 

5110.51 0.00 510.51 
23.17 740.27 154.12 516.15 

41.11 1,122.38 240.71 fll1.87 

0.08 5.35 5.35 0.00 

41.11 0.06 1.127.74 248.08 111.87 

238.93 31.12 8.254.48 492.13 248.08 8,333.84 

278.74 31.18 7,382.20 492.13 492.13 7.215.52 

48.48 5.20 1.230.37 82.02 82.02 1,202.59 
1.32 2.73 35.19 

30 
15.0 0.2 15.3 0.0 50.0 12.2 
0.0 0.2 3.3 0.0 50.0 0.0 

8.0t0.25 

I 

30 31 32 33 34 
llme~rtsh Waler FilwCalra L- Umlltone or SocaJna 

lsnclur:- . Flllrat• SOclla Carbonale -
40"1. 15"1. 

k or:a/claw kald•t kg/day ta/day kg/day 

0.00 0.00 
15.03 0.00 
0.00 0.00 
0.00 0.00 

42.56 2.91 0.00 
0.00 1.74 
0.00 0.06 

11.39 0.01 
16.19 2.91 
0.35 0.12 
0.00 0.60 
0.00 8.47 
0.37 0.00 
0.00 0.00 
0.00 220.17 55.21 
0.00 18.20 
0.00 0.00 
0.00 0.00 
0.00 1.74 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 •2.80 

H.59 295.52 0.00 55.21 
0.00 0.00 

H.59 285.52 0.00 55.21 

0.00 0.00 
H.73 0.43 0.00 72.01 

0.00 0.80 
n.39 4.81 

0.00 510.51 
154.12 5H.15 0.00 72.01 
240.71 111.17 0.00 127.21 

5.35 0.00 0.00 

248.01 111.87 0.00 127.21 
492.13 248.08 8,333.84 0.00 720.87 

492.13 402.13 7.215.52 0.00 848.01 

82.02 82.02 1,202.59 0.00 141.35 
2.73 35.19 0.00 4.00 

0.0 50.0 12.2 0.0 15.0 
0.0 50.0 0.0 0.0 0.0 

'---

35 
PaMlw 

kalday 

0.07 

0.0"" 

35.27 

35.34 

5.19 

0.2 
0.2 

r7 ,-
/ 
~ 

31 . 
5lunY 

ka/ClaY 

0.00 
0.00 
0.00 
0.00 
2.91 
1.74 
0.06 
0.01 
2.91 
0.12 
0.60 
8.47 
0.00 
0.00 

275.37 
!6.20 
0.00 
0.00 
1.74 
0.00 
0.00 
0.00 

42.60 
350.73 

0.00 
350.73 -. 

•" f J) 

,_.e.~4 

0.80 
4.11 

510.51 
158.15 

1.008.19 

0.07 

1.008.98 

7.081.H 

8 098.N 

1 341U2 

30 
12.5 
1.8 

9.0t0.5 

37 
WashW*' 

ka/day 

295.52 

285.52 

49.25 
1.84 

0.0 
0.0 

31 38 
FillrCaM llmmr 

RI rate 

ka/daw kg/day 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
2.91 0.00 
1.74 0.00 
0.06 0.00 
0.01 0.00 
2.81 0.00 
0.12 0.00 
0.00 0.60 
4.1111 1.511 
0.00 0.00 
0.00 0.00 
0.00 275.37 

11.20 O.DO 
0.00 0.00 
0.00 0.00 
0.00 1.74 
0.00 0.00 
0.00 0.00 
0.00 0.00 

42.60 0.00 
71.43 279.30 

0.00 0.00 
71.43 279.30 

0.00 0.00 
71.85 0.79 

0.00 0.80 
4.61 0.00 
0.00 510.51 

78.28 511.90 

147.89 H1.20 

0.07 0.00 

147.78 111.20 

147.78 7 237.75 

295.52 8 091.94 

49.25 1 349.12 
40.21 

50.0 10.8 
50.0 0.0 

9.0tO.S 
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Drawing No. ~S47-100C 
Sludge-ElZ£!! 
Oldln-. .. l: 

l&trlldloll • -··---ct • Aclll SI ••• 1.2 
- f9ct9f ••• I ............ 1 2 3 4 5 8 7 8 ..... -· Biiis feedS!udnm 1u. ..... w .... llled51UnY Suluric Add iUalr:-Wller Suluric Acid C.rbon Diolllftl! Wash\" 

I nNSolds 40'1. 25'1. 83'1. 20'1. Oloas 

I 7 a 9 10A 108 10C 100 10E 10F 10G 
!.Jllc Add C.rbonDlo- W.tlWaler Wclwd 111 staoe 1119- 2nd st.- 2ndst.. 2ndS.- 3nl st.- 3rd~ 

.?0'1. Olan Reskll8 Slunv ~ SUry Em act ~ 5IUnY Extract 
1 

amlka ka/dav ka/dav ka/day ka/dav ka/dav kg/d' ~-1/day ka/day kg/day kalcfllv kaJday ka/day ka/day ka/dav ka/day ka/day ka/day 
Clll -Aa 0.00 0.00 0.00 0.00 

Al 45.H 27.40 27.40 4.52 ... 0.38 0.23 0.23 0.00 
Ba 0.22 0.13 0.13 0.13 
ca 120.12 72.37 72.37 61.28 
Dd 0.01 0.01 0.01 0.00 
ICo 0.05 0.03 0.03 0.00 
er H.11 51.lt 5Ui9 0.00 
Q.i 4.41 2.lt 2.69 0.00 
FelTolall 20.61 12.41 12.41 0.25 
K 3.12 2.17 2.17 0.00 
iii 14.15 1.78 1.79 0.111 
Mn 1.81 1.08 1.09 0.00 
Mo 0.00 0.00 0.00 0.00 
Nil 21.43 17.0I 17.0li 0.00 
N 41.52 27.tt 27.81 0.00 
Pb 0.38 0.23 0.23 0.21 
Sb 0.00 0.00 0.00 0.00 
Sn O.H 0.52 0.52 0.00 
Te 0.38 0.23 0.23 0.00 
Tl 0.01 0.01 0.01 0.01 
Tl 0.00 0.00 0.00 0.00 
Zn 3Ul3 23.71 23.71 0.00 

Sublolll Metal Clltlons '14.51 241.74 241.74 0.00 0.00 0.00 

TH IAdcllY as H+) 0.00 0.00 0.00 11.39 18.39 

Totm Clllons 414.se 241.74 241.74 16.39 0.00 11.39 

0.00 73.55 
16.39 0.00 
11.39 73.55 -

Anions 
tJi 182.H 115.78 115.79 0.00 
;;oa CT olal) 14.22 1.53 1.53 0.00 
il 8.41 5.19 5.69 .J.00 
P04 rracan 311.71 111.27 181.27 
S04 (lOlall 21.43 17.01 17.06 716.10 7H.IO 

Totll Anion& 513.80 331.34 331.34 786.10 0.00 716.10 0.00 

0.00 
786.10 1119.17 
7116.10 0.00 0.00 119.67 

To'81Sds 871.41 517.01 517.01 103.19 0.00 103.19 0.00 .. 
1103.19 0.00 0.00 263.22 

IHrt 21.54 12.92 12.92 0.00 0.00 0.00 12.92 
Totel-9ollcls 1 000.00 100.00 100.00 103.19 0.00 103.19 0.00 103.19 0.00 0.00 271.14 
ll20 900.00 800.00 1100.00 60.41 3,15:l.30 3,212.75 0.20 8 -

;.212.75 0.20 121.42 271.14 S.399.11 709.11 5,054.72 4.474.11 510.53 3.793.21 4,345.51 
cma.. 0.00 0.00 0.00 6.25 0.00 1.25 
Totel 91,... 1,500.00 900.00 2 400.00 863.14 3,152.30 4,015.94 1.45 8 ; -·.015.94 l.•5 121.•2 552.21 7.175.98 1.110.35 l,•51.17 5 '82.•3 874.44 4.990.31 5 2H.52 

L_... flllllewcle) 375.00 225.00 100.00 215.81 711.07 1.003.99 

~ 
....... Flow fr111) 4.00 26.:i:7 26.77 ....... ,_.Cl 30 15 40 30 25 15 

wnr. Tow Sollde 40.0 25.0 93.0 0.0 20.0 0.0 0 

""' .............. •0.0 25.0 0.0 0.0 0.0 0.0 0 

lnH 

003.99 1.11 &07.11 131.07 1,961.99 297.59 1,114.22 1 370.11 243.11 1.2•7.IO 1 311.13 
2&.77 1.90 53.33 5.91 42.12 37.21 4.8' 31.11 31.21 

es •O 50 10 
20.0 0.0 0.0 50.0 11.1 •O.• 21.7 "·' 40.4 2•.0 17.5 
0.0 0.0 0.0 50.0 •.5 30.0 •.5 0.0 30.0 5.5 0.0 
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Drawing No. 95-547-100C 
Sludge-ELZETT 
ICwda TimN ,.,: -

ElltrKtloa • ....... ct • 
Add Stolc•ao..tnr 1.2 
~hFedor I.I 

I - ,___ ........... 10 11 ~Tri 12 13 14 15 16 17 
Sbe .. Exlrac:tlon Sodkm ~•rmedlal• SodUn Carbon Olox- Pri9clillate Wun Water Filered Saids Llaual 

I Llauor ttwan>lllcte PreNe\irallnd C.rtlonaa. ortaas S1urry IWashedl Fllra' 
I 50% Llauor 15% c.-...... , ka/d8Y ka/daw ka/day ka/day kg/day kg/dlly ka/day kg/day ka/UI 

GaDDnS 

Aa 0.00 0.00 0.00 0.00 o, 
Al 22.H 22.H 22.l:S 0.00 22, 
As 0.23 0.23 0.23 0.23 o: 
Ba 0.00 0.00 0.00 0.00 O, 
c::a 4.11 4.11 4.11 0.00 4. 
~ 0.01 0.01 0.01 0.00 01 
c;o 0.03 0.03 0.03 0.00 o: 
~ 51.61 51.69 51.69 0.00 51, 
cu 2.19 2.69 2.69 0.00 z 
Fe(Total) 12.11 12.11 12.11 0.12 12J 
K 2.17 2.17 2.17 0.110 2 
:Ma 1.11 1.11 1.61 0.00 ' Mn 1.09 1.09 1.09 O.OJ 1 
MD 0.00 0.00 0.00 0.00 
NI 17.01 212.50 229.55 0.54 230.10 O.C'O 23 
N 27.91 27.91 27.91 0.0) 21 
Pb 0.03 0.03 0.03 0.03 
Sb 0.00 0.00 0.00 0.00 ~ 

Sn 0.52 0.52 0.52 0.00 Cl 
Te 0.23 0.23 0.23 0.23 ( 

Tl 0.00 0.00 0.00 0.00 ( 

Tl 0.00 0.00 0.00 ~."!0 ( 

ln 23.71 23.71 23.71 0.00 2 
SubtoYI Metal C.llonl 175.19 212.50 317.69 0.54 311.23 0.61 31 

H !ACIOllY u H+) 9.30 0.01 0.00 0.00 
T Olaf Clllonl 114.49 212.50 317.74 0.54 3M.23 0.61 31j 

~ 
CJt 0.00 157.01 0.00 0.00 0.00 c 
C03 1To1an 0.00 0.00 0.71 0.59 0.59 I 
a 5.19 5.69 5.69 0.00 ! 
P04 (Total) 191.27 191.27 191.27 0.00 19 
504 (Tolal) 114.19 114.19 614.19 0.00 614 

Tolal Anions 111.14 157.01 111.14 0.71 111.73 0.59 11 

Totel S.lla 995.13 309.58 1,191.111 1.25 1,199.ie 1.20 T.1i 
Inert 0.00 0.00 0.00 0.00 

Tatel lolktl 995.63 369.51 1.1911.H 1.25 1,199.06 1.20 1,Hll 

H20 5,190.00 319.51 1,225.111 7.11 1,231.110 2.41 1.20 1.23 

0020.. 0.09 
Totel ltr ... 1,815.13 739.11 7,424.74 1.31 0.09 7,431.71 2.41 2.41 7.43: 

Loadlfta 0111/cvclel 1.171.41 114.71 1,1151.19 2.09 0.02 1,1157.94 0.10 0.10 1,l:M 
llHllllUnt Flow (1/111) 47.42 3.08 51.H 0.01 51.93 0.02 6 
ll••lmu111 TemD (C) 40 40 35 
Wft. Totel 8olld9 14.9 50.0 11.1 15.0 0.0 H5.1 0.0 50.0 11. 

·~ lnaolubll lollcla 0.0 0.0 0.0 0.0 0.0 0.0 0.0 OJ! 
nH -1 2.5t0.25 2.75t0.25 , -

' ' ' 



., . 

I 2 /i ..-
"-....... :: -~ 

---rs 16 17 11 19 20 21 22 23 24 
Wash Water Fllered Saids llCIUOr limestone or Soclum ICalllon DlcJddl Polvm9i PrKiDIAte WashWfA• FlmCate 

IWash.cn Fllrate Sodium Cadlonal• Carbonate onaas SUry -
40'1. 15'1. 

kg/day kg/day kg/day ka/day ka/day ka/day ka/liay ko/day ka/day ka/day 

0.00 0.00 0.00 0.00 
0.00 22.11 22.H 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 <J.Ot 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 1.61 0.00 
0.00 1.09 1.09 0.59 
0.00 0.00 0.00 0.00 - 0.00 230.10 14.76 244.16 0.00 
0.00 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 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 23.71 23.78 0.00 
0.61 387.62 0.00 14.76 402.311 ·;2.oc 
0.00 0.05 0.00 0.00 
0.61 387.67 0.00 14.76 402.38 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 
Q.00 191.27 191.27 0.00 
a.oo 6~4.19 614.19 0.00 
0.59 811.14 0.00 19.26 630.16 19.02 

1.20 1, 1911.61 0.00 34.02 1,232.54 31.02 

0.00 0.00 0.06 0.06 0.06 

1.20 1,196.11 0.00 34.02 0.06 1 232.60 31.01 

2.41 1.20 6,234.21 0.00 192.77 32.13 6 4211.10 112.16 31.06 

0.17 
2.41 2.41 7 433.02 0.00 226.711 0.17 32.20 7660.70 62.16 62.16 

o.6, 0.60 1,658.25 0.00 56.70 0.04 11.05 1 915.111 15.54 15.54 
0.0. 51.il5 o.oo 1.61 53.57 0.52 

30 
o.o 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 0.0 0.2 0.4 0.0 50.0 

3.25:t0.25 

-------



Drawing No. 95-547-100C 
Sludge-ELZETT 
ICVde n.. ,.,: 

ElltrKtlom • ·---ct • 
Acid Stolclllo..trv 1.2 

Fedor ••• I 

ser....N .. lber 
ser.- loe 

I 
I 

Co • 
Cations 

IA a 
AJ 
As 
Ba 

ICa 
Cd 
CA 
ICr 
Cu 
FelTotall 
K 
IMa 
Mn 
Mo 
Na 
Ni 
Pb 
Sb 
Sn 
To 
Tl 
Tl 
ln 

Sublolal ...... Cations 
H tkidiiil as H+l 

T Ohll Clllonl 

Anions 
(11 

C03 CTolan 
a 
P04 CTolal) 
S04 CTolaD 

T Ohll Anions 

Total Salts 
Inert 
Total SoAdl 
H20 

0020. 
Total ltrMlll 

Lo1dlna lllafcvcle) 
Mul111t1111 Flow ill•) 
MulMuaT-(Ct 
Wt1r. Total lollft 
Wt1r. ......... lollds 
pH 

25 
ltauor 
fllrate 

kg/day 

0.00 
22.H 

0.00 
0.00 
4.11 
0.01 
0.03 

51.61 
2.61 
0.82 
2.17 
1.61 
0.50 
0.00 

244.16 
27.91 

0.00 
0.00 
0.52 
0.00 
0.00 
0.00 

23.71 
390.31 

0.05 
390.43 

0.00 
0.00 
5.69 

191.27 
114.19 
111.14 

1,201.57 

0.00 

1,201.57 

1,490.21 

7111.13 

1122.H 
54.01 

15.1 
0.0 

I~ " 
\.._ t '._ 

21 
Urnestone Of 

1 

--cait>Gnall 
40"1. 

kaldaY 

111.12 

111.92 

111.92 

167.H 

167.H 
279.10 

13.99 
293.79 

440.H 

734.41 

113.12 
3.17 

40.0 
40.0 

27 21 21 30 31 32 
Sodh.m Polvmer PrKIDltale Wash Waler FaerCake Liquor 

CMlonale Sfuny twashedl Fittrate 
15 .. 

katday ka/dav kg/day kg/dav ka/day kg/day 

0.00 0.00 0.00 
22.H 22.81 0.00 

0.00 0.00 0.00 
0.00 0.00 0.00 

116.03 112.79 3.25 
0.01 0.00 0.01 
0.03 0.00 0.03 

51.69 51.61 0.01 
2.69 0.00 2.69 
0.62 0.49 0.13 
:!.17 0.00 2.17 
1.61 0.00 1.61 
0.50 0.50 0.00 
0.00 0.00 0.00 

0.00 244.86 0.00 244.81 
27.91 0.00 27.91 

0.00 0.00 0.00 
0.00 0.00 0.00 
0.52 0.00 0.52 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 

23.71 0.00 23.71 
0.00 502.30 181.34 313.H 

0.00 0.00 0.00 
0.00 502.30 111.34 313.H 

0.00 0.00 0.00 
0.00 167.H 167.05 0.14 

5.61 0.00 5.61 
111.27 171.51 12.61 
114.19 0.00 614.19 

0.00 971U2 345.62 633.40 

0.00 1,411.32 533.16 147.38 

0.07 14.01 14.06 0.00 

o.oo 0.07 1,495.31 541.02 147.31 

0.00 34.15 l,965.10 1,091.04 541.02 7,072.13 

0.00 34.72 1410.H 1,091.04 1.0H.04 1,020.30 

0.00 I.II 2 115.25 274.01 274.01 2,005.07 
0.00 51.05 9.13 51.94 

30 
o.o 0.2 17.7 0.0 50.0 11.I 
0.0 0.2 1.5 0.0 50.0 0.0 

l.Ot0.25 

:; ! 31 32 33 34 
limes··~ 

Uauor llmnlone or Socalm ISociun · Flier Cake 
• I - Fiitrate iSDdlft - Carbanal9 4·· }-

40 .. 15 .. ka···-
katday kglday ka/dav kn/clay 

0.00 0.00 
22.H 0.00 

--o.oo 0.00 
0.00 0.00 

112.71 3.25 4.77 
0.00 0.01 
0.00 0.03 

51.H 0.01 
0.00 2.61 
0.49 0.13 
0.00 2.17 
0.00 1.61 
0.50 \>.00 
0.00 0.00 
0.00 244.18 41.41 
0.00 27.91 
0.00 0.00 
0.00 0.00 
0.00 0.52 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 23.71 

111.34 313.H 4.77 41.41 
0.00 0.00 

: 181.34 313.H 4.77 41.49 

0.00 0.00 
167.05 0.14 7.11 13.25 

0.00 5.19 
178.51 12.19 

0.00 114.11 
345.62 133.40 7.16 U.25 

: 533.H 947.31 11.13 111.73 

14.08 0.00 0.10 
541.02 947.31 12.52 111.73 

: 541.02 7,072.13 11.71 133.11 

:: 
1 091.04 1,020.30 31.30 744.19 

274.01 2,005.07 7.13 111.22 
51.14 0.11 5.21 

4 •. 
50.0 11.1 40.0 15.0 

4·· 
50.0 0.0 40.0 0.0 

i 
/'.·-

\....: U.._, 

35 
~ 

mtday 

0.01 

0.01 

31.12 

31.70 

I.II 

0.2 
0.2 

/ 
/ -

31 
Pr9d!lhle 

SIUnY 

kaldav 

0.00 
0.00 
0.00 
0.00 
1.02 
0.01 
0.03 
0.01 
2.11 
0.13 
2.17 
1.11 
0.00 
0.00 

213.35 
27.91 
0.00 
0.00 
0.52 
0.00 
0.00 
0.00 

23.71 
317.22 

0.00 
3~7.22 

0.00 
71.24 
5.61 

12.69 
114.19 
703.10 

1,071.02 

0.17 

1,071.70 

7 783.50 

I 135.20 

2 201.IO 
14.70 

30 
12.1 
1.7 

l.Ot0.5 

37 31 31 
WashWlllf FllerC.. ~ 

~ Fllra .. 

kalday kaldav kalclay 

0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.00 
1.02 0.00 
0.01 0.00 
0.03 0.00 
0.01 0.00 
2.69 0.00 
0.13 0.00 
0.00 2.17 
1.84 1.77 
0.00 0.00 
0.00 0.00 
0.00 293.35 

27.91 0.00 
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Table 2-5. Pilot Plant Design Considerations 

General Equipment Sdection and Layout 

L'sc of hoses for interconnection of equipment \\ithin skids and espt.-ciall~ between skids 
panicularl~ \\here liquors offer little safety· concerns. This can add a great deal of flexibility and 
reduce costs. such as in the Metals Rcco\e~ area and solids preparation. 

Use of acid resistant hose for tank \ent connections to the sodium hydroxide scrubber. These ;:an 
be rclati\cly easily remO\cd and reconnected for transponability. 

The largest skid size is limited to the following inside dimensions: (lo comply with Hungarian 
transponation regulations for truck trailer size) 

2 .J m width x 13 6 m length x :!..J m height 

The actual skid sizes are gi\cn in the design drawings in appendix -l. 

There are se\'eral pieces of equipment in the process design designated as optional - i.e. the 
sludge conditioning tanks and the liquor storage tanks. It is not belie\'ed that these are required at 
this point until experience has been gained in operation \\ith different sludges and exact 
requiremenls can be established. Therefore. these ha\e not been included in the PFCDs. There il!e 
other \ec;sels that also may not be required depending upon the facilities a\'ailable al the sit~ 
I01.:ation and/or the fmn and a\ailability of makeup chemicals. These include: 

Sulfuric Acicf 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 ... tl:• to the third stage 
extraction tank (where it is mi . j with makeup water). It has been included because of the 
need for rransportabili~·. 
~odium Hydroxide Feed Tank (V-307) ·Thi.; tank is also not absolutely necessary. 
especial!:· if there exists a bulk sodium hydroxide storage tank !"rom which sodil'm hydroxide 
can be fed directly to the Pre-l"eutrali7ation Tank (V-30 I) or if sodium h~·droxi1e can be 
delivered in "super tanks·· from which it can be fed. ft has been included because of the r.celf 
for trans;wnability. 
E.'<tra Metals P.cco\·ery Area Tanks (V-301 and V-302) - Neither of these tanks is a 
requirement. They ha\'e been included to enhance flexibility and suppon capacity 
requirements. 

• t:"!lter traps have t-:..-en inclu41ed 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 arc essential. 
but some arc more imponant than others. Therefore. some of these could be eliminated or 
considered futu:e design enhancement~ based upon needs established from operating experience. 
In any case they need t. be acces~ible and removable. 

Acid Extraction Area (S-202 and S-20-l) - These socks are on the liqu0r hold tanks for their 
1especti\e acid extraction reactors. They s;mply prevent the build-up of fines in rhe extraction 
system ana make analysi~ of extraction stage pcrfonrance easier. T :ie more imponant of the 
two i!i S-202 since it filters liquor discharged from the third stage hydroclone. which is likely 
to p~ss fines S-20.J filters the filtrate from the residue filters. It is mainly intended 10 capture 
fines rhat pass the filter during stanup. wher1 there has ... een little cake fonned. or to capture 
solids during filter cloth tears 
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Table .!-5. Pilot Plant Desi2n Considerations (Continued) 

\lctals RccO\c~ Arca (S-311! through S-311-t) - Titcsc arc the most imponant filter traps m the 
Metals RccO\e~ area. S-311 I (and potentially S-3112 and S-3113) filters liquor discharged from the 
second stage h~droclone. which is likel~ to pass fines. S-30-t filters solids fom1cd in V-311 i during 
pre -ncutrali1ation. While little to no solids should be fom1cd during this step. it is probabl~ 
desirable to ha\C the capabilit~ to segregate any such solids from the precipitate fom1ed in the 
first stage of precipitation. especiall~· if thee is an~ arsenic present. 

~lctals Recme~ Arca (S-3115 and S-3116) - These are similar in function to S-211-t m the 
Acid Extraction area. filtering filtrate from precipitate filters. 

Specific Equipment Requirements 

Tank heaters (where indicated in the Equipment List) should be sized to prmide a temperature 
increase of 30 C o\·er about two hours. If possible. portable or remmal 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 probes for the Metals Rcco\·e1-y area are recommended to be specified and 
installed as follows: 

top entering mounting through dO\\ncomcr pipes anchored to the tank wall; 
pH elements should be mounted at a depth of about one-half to one-thi1 .J from the tank 
bonom: 
elements should protrude at least 100 mm from the end of the dO\\TIComer: 
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 le\cl 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 availabilil) and cost of equipment. 

It is intended that all the tanks be purchased as a standard design readily a,·ailable from small tank 
suppliers. Therefore. tank dimensions should be considered approximate and strict adherence to 
tank dimensions 'hown is not required. What are most important are the approximate working 
\·olumes shoY.n: 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 ConceJit Layout - Example Skid Schedule 

--
Processing Area Skid Equipment Tag Numbers 

Solids Preparation (Area iOO) Skid 1 ean Min with Feed Hopper 111 8121 

-- _ (~!_(_!!Is M!lling_)_ ~eedConveyor(1) ____ C122 ------ -- - -
Skid 2 Milled Slurry Tanks (2) V1011102 

(Slurry Storage) Agitators(2) A101/102 
Slurry Transfer ~ (2) P1011102 

-------------- -~ ---- --- --- --------- - --- - -

Acid Extraction (Area 200) Skid 3 Extradlon Tanks (3) V2011203/205 
(Acid ExtractKln) Agitators (3) A2011203/205 

Slurry Transfer f'un1Js (3) P201J203/205 
---- - -------

Skid' Hold & Fnd Tanks (3) V2Cl2/2C41206 
(Edraction Support) Agitators (3) A202/204/206 

Sock Filers (2) 5202/204 
Hydrodones (2) 52231224 
SllB'ry Transfer ~ (2) P202/204 

1------- ------
Acid Feed~ (2_L_ P206AIB ------

Skid 5 Vent Scrubber (1) V207 
(Eirtraction Support) Vent Fan (1) F207 

Scrubber Recirc ~ (2) P207AIB --
Skid& Residue Fdtars (2) 52211222 

(Residue Filtration) Residue Hoppers (2) H22•1222 
---

Metals Recovery (Area 300) Skid7 Neut & Storage Tanks (3) V301/302'303 
(ft::co·1ery Liquor) Agitatcrs (3) A301/3021303 

Sock Filers (3) 5301/3021303 
Slurry Transfer~ (3) P301/302J303 -

Skid8 Reaction Tanks (3) V304/305l306 
(Metals Precipitation) Agitators (3) A304/305J306 

Sock Filers (3) 5304/305/306 
Slurry Transfer Purrp (3) P304l305/306 ---

Skidt Cherncal Mix/Feed Tanks (3) V307/308/309 
(Recovery Support) Agitators (3) A30713081309 

CherT'ical Feed ~ (6) P307/~A&B 
-

Skid 10 Potynwr Mix/Feed Tanks (2) V310/311 
(Recovery Support) Agitators (2) A310l311 

Polynwr Feed f>unlls (2; ____ _ P310/311 ------- -- -- -
Skid 11 Byproduct Fillers (3) 532113221323 

(Byproduct Filtrat~_!!L Byproduct Hoppers (3) H32113221323 
-

Skid 12.0PTIONAL Sludge Conditioning Tanks (3) V312'313/314 
(Sludge Conditioning) A;llators (3) A312/3131314 

Filler Feed P\lrrp (3) PJ 1213131314 
t---- ------------ ------~-- --- ---

Residue Treament (Area 400) Skid Re11etion Tanks (3) V402·404 
LATER (Residue Edraction) Agitators (3) A402·404 

..____ ____ -------- Slurry Tra~fer P\lrrp (3) P302·304 ------ ---

Skid Feed & Mix Tanks (3) V401 I "°51406 
(Extraction Support) Agitators (3) A4011405/406 

Slurry Transfer P\1"11 (1) P301 

~-- - ----------- - • ~herT'i~I Feed Pu~J_~-- P405!406-A&B ---·--- ----- -- -
Skid Residue Filter (1) 5411 

{Residue Filtration) Residue Hopper (1) H411 
--- ---------- --- ------- ----- -- - -- ----- --·- .....___ __ ···---·-- --------- ·-- - --- -- ------- -

Sulfate Recovery (Area 500) 
LATER 

------- - --- ----- - ·--------- ... - - -- - ---·-· -- --- - -- -- ... --------·· 
Tank Storage (Area 100) Skid Hold Tanks (2) V6011602 

OPTIONAL/LATER (Sto1age Tanks) Agitators (2) A6011602 
Sock Fillers (2) S801/f'02 
Slurry Transfer ~ (2) P601/602 
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J.0 Prouss ~uiption 

3.1 Arca Opuations 

The Pilot Plant 1s broken do''" mto rtu-cc major process areas 

I l Sludge Preparation (Arca 1001 
2) Sulfuric Acid Extraction 1Arca 21HI) 

3) Mc.."lals Rcco\~ !Areas 31Hll 

An annotated tabulation of the ba1ch operaung q des for the major process u1111 opcrauons 1s pro' 1dt..-d 
in Table 3-1. Table 3-2 pro,1dcs :i qcle diagram surnmarizmg the sequence of operations for a basic 
six hour qcle period for each area 

2.1.1 Sludge Preparalion 

General Design Approach 

The first step imol\es milling the sludge to create a high surface area to e:\-posc the hea\~ me1als to the 
e:\1raction chemicals. This is accomplished in a ball-type mill. either a con\·enuonal ball mill or a IO\\er 

mill. Either should pro\·idc adequate ~nice. since the sizing cri1eria for the mill is for one shift of 
operalion per day. This should gi\e adequale dm\n lime for maintenance in a pilot plant sen·icc. In a 
full scale applica1ion. a tower mill is preferred for se\·eral reasons. First. ii is panicularl~ suited 10 this 
application in grinding materials of moderate to low gnnding index \\lth rough!~ two-thirds the ener~ 
of a con\entional ball mill. Second. it's profile and footprint are easily acconunodated \\tthin a plant 
configuration. Finally. it is c;lightl~· less expensi,·c and should be easier to operate. Tower mills should 
require two 10 three da~s routine maintenance outages t\\icc a year. 

Equipment Dcscriptiol! 

The Solids Prepara1ion area of the pilol planl consislS of the ball mill. the ball mill feed com·~or and 
l\\O milled slurry s1oragc lanks. The ball mill and feed com.~·or are to ha\e a processing capaci~ of al 
leas1 two metric lons of sludge per shift 10 allow one shift operalion. Assuming balch operations and a 
two 10 three hour cycle time for filling. milling and discharging the mill. this cqua1cs to a feed con\~or 
capacit} of roughly two metric tons per hour (one-half hour to fill the mill) and a mill capaci~ of about 
one metric ton per hour (one hour of milling time). 

The feed con,cyor has a weighing capability to allow accura1e addition of sludge to the mill. Water is 
fed to the mill along with the sludge to attain a prescribed solids conlent 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 to ensure proper extraction temperatures. The miil is specified for a capabilit} of9.5% 
through 32.5 mesh grind. but should be capable of achieving a range of solids attrition from 1.50 to 32.5 
mesh. 

Slurry from 1hc mill is discharged to one oft\\o Milled Slurry Storage T;anlis (V-101 and V-1112) 
These arc agitated tanks constructed of abrasion resistant fiberglass fined with anti-swirl baffles. Each 
has a working capacity of approximately 2 . .5 m3

. Thus. each has sufficient capacity to store one day· s 
feed requirement of slurry for the plant. Air operated diaphragm pumps with stainless steel diaphragms 
arc u~cd for feed of ~lull) from the storage tanks to the Sulfuric Acid E."traction area. 
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It should ~ notoo lhal tx-cauS\! the pilot plant is to !>\! lr.lnSponabk. no pro\ is1ons arc mdud ... 'd m 1he 
design for the receipt storage and handlini; of sludgt.-s prior lo loading of the lb..--d com c~ or Thus_ 
containment areas and mobile equipment arc not addrcssoo 

3 .1.2 Sulfuric Acid Extraction 

Gt.-neral Ck-sign Approach 

Sulfuric Acid Exuacl1on cniails a lhree-slage_ countcrcurrcnl OJJ\.T.Uion (i e .. the strongest acid con13Cls 
residues that are almost dcpletoo of the Ilea\) metals while the fresh milled sl~ is contacted with acid 
used in the strong acid steps). Such conntercurrent exuaction schemes are commonplace in 
hydrometallur~· processing. Each sragc is a batch operation with a cycle time coordinated with the 
orher reaction \essels. 

After three siages of leaching. it is expected that all of the hea\} metals except for lead will~ extracted 
from the sl:Jdge_ The treatment is focused upon dissohing the hea\) metals while minimmng the 
dissolution of host material_ Test ,,or1.; has indicated that between 211% and 35% of the innial sludge 
weight can remain in the solid phase. The amount of residue will depend primaril_y upon the soluble 
cak:ium content and the quantity of acid insoluble inens t"rcfractof)- materials). A significant amount 
of calcium that dissoh·es may re-precipitate as IDPSum (calcium sulfate dihydrate) which can tend to 
increase slightly lhe residue quantity. If the remaining residue contains only small amount oflead. this 
residue is expected to be non-haz.ardous and can be disposed without funhcr treabncnt. 

There are four principal unit operations in the Sulfuric Acid fa-traction area: first stage acid extraction: 
second stage acid e:\"lraction: third stage acid extraction: and. ,·cot gas scrubbing_ This discussion is 
predicated upon operation of all three stages assuming an m•crall cycle time for each stage of six f.ours. 
In this regard. it should be noted that test work has indicated that for many sludges it may 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 c:y. les may not be reaction time. rather the time it takes 
to fill and cmp~ tanks. especially for solids separation. 

All operations arc performed through manual controls using local instrumentalion and sampling and 
offiine measurement of pH and/or acidity litrations when required_ In-line and In-tank pH elements ha\·e 
prO\cn highly unreliable in these types of operations due to the abrasi\·e nature of the slurries and the 
high dissol\·ed solids le\els (which affect the accuracy and drift of the elements). Also. pH alone is not 
always a good measure of solution composition al such low pH lc\els. allhough il may· be used as a 
good control indication once familiarity· is gained for one type of sludge. 

First Stage Extraction 

The initial extraction is accomplished in the first reactor. contacting the freshly milled sludge slur')· 
with acid that has been panially depleted from succeeding extraction steps. The sludge is expected to 
react significantly and rather quickly. All carbonates and bicarbonates and any hydroxides are expected 
10 decompose. For many sludges. there will also be significant CO: evolution. The CO: along wuh any 
acid mist C3ff)O\er 1s \Coted to a sodium hydroxide scrubber. 

The first stage consists oft\\o vessels -- a 2 m3 agitated reactor (V·.lOl) and a 2 mJ hold tank (V-2112). 
Bo1h \esscls arc cons1ructcd of fiberglass and fined with anti-swirl baffles. The working rnlume of 
each \esscl is abou1 I S mJ. The additional "·olumc ;>ro,.·ides free board to bener accommoda1c 
ofTgassing of CO: dunng the initial reaction. 

There arc se\cral opuons for operating the firsr stage of acid cxtracuon because the reactions arc 
expccred to be rapid. most likely reaching cc.mrlction in well under one hcur The following description 



confonns to th.: c~d.: d1agr.un in Table 2-2 In this mode the first stage 1s run through l\\l' shon_ thr.x
hour c~clcs for C\C~ six-hour c~clc for each of the ot~r stages. This al!o\\S th<! liquor from the ~-cond 
stage to be ·cut-- 1dtlutcd1 and used in l\\O steps. 

:\t thc stan of the first three hour ~de. acid fr0tn the S\.-cond stage leach. \\fuch is stored in the first 
stage liquor hold tank (\'-21121. 1s fed to the reactor \CSSCI along \\Uh \\3ler at pre-set propo.11ons to a 
pre-...-stabhshcd le\ cl to attain about at I II" .. acid solution and In". sl~ once solids arc add\.-d 
'.\lal..eup acid from the sulfuric acid mix tank (V-206) is ~-d as required. \tilled sl~ from one of 
the milled slu~ hold tanls (V-101 or \'-102) 1s then inuoduccd. cAllemati\cl~. the acid. \\alcr and 
slu~ can be introduc'-d together. cspcciall~ if significant CO: C\ olution is ex~-cted.) After C\ oluuon oi 
CO:- additional acid ma~ need to be added lo adjust the pH to slightl~ belO\\ I. The tank 1s agitated for 
one-half hour and the pH checked while the dissolution reactions procC\.-d to ensure it is mamtailk.-d 
below I . The reaction t\.'mpcraturc is c.,"J1CCted to be .JO C ± 5 C ~ascd on the heat content of liquor 
from the second stage and use of hot water in the ball null. if required_ After one-half hour. the solid-; 
are separated. The solids are sent to the second stage reactor (\'-2113) and the liquor to the Prc
ncutrali1.ation1Hold Tam. in the Metals Reco\~ area (V-301)_ There are two principal options for 
solids separation: 

( I ) Directly pumping the entire slu~ through the second stage hydroclooe with the solids 
underflow from the hydroclonc discharged directly 10 the second stage reaction \CSSCI. This 
should take about one-half hour. 

(2) Turning off the agitator and allowing the solids to settle after which the thickened solids arc 
pum~-d to the second stage and the clarified liqucr through the hydroclone to \CSSCI V-311 I 
This "ill probably take a• 'cast one hour. 

It should be noted that in either case a filter trap is pro\ided for the feed lo \CSSCI V-30 I to capture an~ 
residue that ma~ escape the h~droclone. This filter needs to be checked and emptied manually when it 
begins to fill or plug with solids. (Note - The filter should be washed \\ith water prior 10 being 
cm..,lied.) 

A second three-hour ~cle is then repeated using the remainder of the liquor from hold tanL: V-202 and 
fresh slu~. In neither the first or second cycle is it necessaJ)· to completely Ci1•vl) the first stage reactor 
\Csscl unless a changeo,er to a different sludge composition is anticipated. 

Second Stage fa1raction 

The second acid leaching is expcct\.'11 lo taL:e fi,e to six hours. matching the double c~cle time of the 
first stage. It will be at a slightly elc,a1cd temperature of SO C and a much higher acidity level. using 
liquor remaining from the third stage. Most of the hea\) metals should dissohe m the acidity 1e,c1 of 
this stage. Again. the sl~· concentration will be about ten percent or less. While CO: e\oluuon should 
be negligible the tanks are \Coted 10 the scrubbing ~st-:m due to the higher acid 'apor pressure 

The second stage leach also consists of two \esscls. both similar in design and construction 10 the first 
stage \essels Sulfuric acid and residue wash water reco\·ered from filtration of the residue discharged 
from the third stage is fed 10 the second stage hold tanL: (V -204) :"rom which it is fed lo the reactor 
'esscl along '' ith acid. 1f required. The liquor 1s fed tf"'. the second stage reactor prior to introducuon of 
the first load of i;olids from !he first stage. The acid. if needed. is added later. Extraction is then 
commenced with the first load of solids and continued for at least one hour bc}ond introduction of the 
second load of solids from the first sl3ge After completion of extraction. approximately four hours 
total. the contents of the reactor vessel is dischlrscd. The solids are separated a11d fed to the third stage 
1v-20~1 and the liquor sent to the first stage hold tank (V-202). As m the case with the first stage 
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t.:'\tr.icuon. there arc t\\O pnnc1pa! opuons for s1..-par.uang solids Th.: pri:fi.:rr1..'d mule as dm .. -..:t d1~hargi.: 
of the ~cm: .:onci.:nls of the \CSsd chrough chi.: chard slJi;i.: h~drodone sm.:i.: at should be fas1..:r 

Tiurd Slat!.: E 'traction 

In .Jnk.-r to ensure that an~ rcstdU.11 hca\~ m1..'l3ls arc dissohed. such as cadnuum. copix.-r and nid.d. the 
tlurd stage of acid C.\.lraction is pro\ idt..--d \\ hich 1s anoth\.-r fi\ c to st'\ hour c~ clc. but at "'t C 

The third sugc also consists oft\\O \CSscls as \\ell as l\\O filter presses The reactor \CSSCI 1\"-!II:'1 1s 
s1.1.ed 1dt..'fllicil lo those ofchc first l\\O stages for simplici~ of dt..-s1gn. although the required \\Ori.mg 
\Olume of this reactor is considt..>rabl~ less. onl~ aboul one-half of the otlk.-rs The St.."'Cond \ cssd 1 \" -!11<. 1 

is the ~t3kcup Acid mi_x.-fccd tank in \\hich 211-25•;, acid 1s prepared_ Tlus \CSSd has a \\Orking 
\ C'lumc of about 2 m '. sufficient lo allO\\ acid makeup for cwo charges of lhc third sugc reactor_ 

In this third stage. acid from the Acid Makeup tank c\'-20(,) 1s fed to the third stage rca.:tor \essel JUSl 
prior lo introduction of solids from the St.."'COnd stage_ Heat is prO\idcd pmnaril~ b~ the heal of diluuon 
of mixing the concentrated H:SO, and water_ Some heat ma~ be required fOI' sl3rtup either through 
addition of hot \\atcr or use of power heaters_ 

When the ~etc is finished. the entire contents of the reactor are filtered. \\ith the filtrate fed lo the 
s~-cond sugc hold l.1J1I.: c\'-20..J) Aller the si~ is fih..:red. the cake is wash ... >J with a. lwst lhrce 
displacement \\ashes to rcmo\e residual acid from the we_ Wash water is also sent to the second suge 
hold tank Two filter presses are pro\·ided in case one is shut do\m for mainten;mcc and for additional 
ilc,1btli~ as described below_ The filter we is disposed of as solid waste_ 

Vent Gas Scrubbing 

All tanks and reactor 'essels arc \Cnted lo a sodium h~droxide scrubber_ This packed bed tower 
captures acid mists that ma~- ~- O\er at the somewhal ele,aled acid concer.:rations and lempcracurcs_ 
Sodium h~droxide is fed as required from the sodium hydroxide feed tank in lhe Metals R-·co\e~ area 
along with makeup water to yield about an 8'Y. sodium h~droxide solution_ CO: carried O\cr. primanl~ 
from the first stage will also be absorbed. although most of the resulting sodium carbonate "ill 
probabl~ be comencd to sodium sulfate. Spent liquor is sent to the pre-ncutrali7.a~ion tanL: {V-3111 Im 
the Metals RecO\~ Area. 

Pro,·isions for Allemati\·e Operations 

The following pro\isions ha\e been made in the design for added flexibility: 

Two-stage acid extraction· Provision is made to operate with only t\\O sugcs b~ enlirely 
bypassing the second stage should lhrec stages not be required for a particular sludge_ In this case 
slurry from the first stage would be fed direcd~ to rhe third stage. and the fillral•: from rhe filler 
presses would be rcturn.:d to the first stage hold tank (V-202). racher than the second stage hold 
tank (V-211..J)_ 

Dual fillration - It is also possible lo utili.1.e one of the fillers lo dewater solids from the second 
stage as \\ell as the lhird stage during normal cycling should lhe second stage solids seumg be too 
slow to allow sellling or the hydroclone pro'c incfTecti\c in pro\ iding adequate solids separation 

Vessels - Vessels heaters arc pro,ided primarily for startup under cold condiuons HO\\e\er. these 
can also be used to operate a pre-cslablished tcmpcralures should lhcsc pro\c more ad\an1ageous 
m accomplishmg the e'\tract1on. cspcciall~ \\llh only two stages 
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G.:m.T.JI ~-su~n .-\pprooch 

The nch cxuacl1on Equor from lhe fir.;l sugc ofdlc: Sulfuric Acid Exlf3Cl1on area is ~--nl lo lhe Prc
~-utr:du.auol\ storage unk 1 \" -311 I\. This unk to pn)\ 1dc a i>ulTcr ~"n\~--n thc cxlr.h:llon steps and 
metal reco\~ '.\lctal recO\~ 1s accomphshr:d b~ raising lhc pH for sclccll\C prec,pitalion oflhc 
111'.'tals in a k-qucncc of steps as sho\\O in Table 3-1 

The pH is firsl raised from approximatcl~ 05-1 to a~t 2 5. It 1s nol expected lhal an~ s;ilts "i II 
prccipil3lc at this low pH nor is it inlcndcd to induce precipitation. The purpose is to smooth out 
pH \ari:uions from lhe extr.lCtion area lo pro\ i.le a fairl~ consistent feed for b~product rcco\ct:' 
Sodiwn h~ droxidc. or a combination of sodiwn h~ droxide followed b~ sodium .:arbo1'13le. \\ 1 II be 
used to limn CO: e\ olution (and minimi.re acid gas ~ O\ er) as well as minimiLe locali1.ed 
precipitalion phc.--nomena 

Thc pH 1s then raised 3 II lo 3.5 in lhe ne:\1 ~tep with additional sodiwn carbo03lC. Iron will come 
do\\n as an oxide or O:\)-h~droxide. in possibl~ the hcmcnite cfc:O;) form. Along \\llh the iron 
ma~ come do\\n small amounrs of copper and chromiwn but it appears thal with proper pH 
conrrol. this can be L:ep1 lo a n1inimwn. The pH limil will be a func1ion of the copper 
conccr.tration - the higher lhc copper IC\el. the lower thc pH setpoint MUSI t-e. A pH set poinl of 
3. 15 is anlicipaled. The limiling condi1ion on pH is the amount of copper precipitale. This musl 
be kepi 10 a minimum (<II. I~;,) lo assure thal 1hc iron prccipi1a1e is accepuble 10 a sinlering 
opcra1ion 

The next srep of precipiurion is al a pH of aboul 6. where the copper and chromium prccipitale as 
basic carbonales con1amina1ed with some Fe. Depending upon 1hc calcium and phosphale le\els m 
solution this can be accomplished with either sodium carbonzte or limestone. or a combination 
The use of limcsto.;e should enhance the prccipiration of calcium phosphales. reducing both 
calcium and phosphate in the final liquor making ii more acceprable for disposition 

The final Slcp is at a pH of about 9. which will precipi1a1e the niclcl and zinc and olher remaining 
merals in solution. Depending upon calcium and phosphate le\·els in solution this can be 
accomplished with either sodium carbonate or limes1one. or a cornbina1ion. At a pH of9. lest 
worL: indicates that the predominan~ ·con1aminanrs· in this final byproduct will be calcium. 
cadmium. iron. magnesium and manganese. 

The resulting solution is sent 10 a storage rank for disposition 

ll was found in the kst work tha1 a considerable amounl of phosphates appear in the residue that emers 
the plant. The phosphates. 1f they arc in the sludge. will to some ex1cn1 dissol\e in 1hc ini1ial st,;lfuric 
acid leach step (in the ma1erial balances it has been asswned that all of the phosphate would dissohe): 
but. as the pH is raised in the resulting rcco,ery steps. ii is anticipated that most of the phosphates \\ill 
prccipitale in the early precipitation steps so long as appropna1e insoluble compounds such as calcium 
phosphate can be formed. It is an arCcl that has to be further in\es1iga1cd 

~uipment Dcscnption 

The Me1als Rcco\ery area consisls of ele\en \esscls and three on-line filter presses. 

One desigr.ated Pre-neu1rali1.ation/S1orage Tank lo collcc1 and equalize rich cx1rac1ion liquor 
from 1he Sulfuric Acid fa1rae1ion area. This is 1he larges1 \esscl in lhe pilot plant ha\ ing a 
\\ orling 'olume of roughly 3 2 m '. sufficienl 10 handle 12 hours of liquor at design 
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• 

condu1ons .-\s d1scuss .. -d abO\c ii is usl!d 10 pamall~ neu1tali1.e 1he ex1racuon liquor pnor to 
1argc1cd me1als rccO\ c~ 
Tim:c agitalcd reJclors for metals prcc1pi1a1ion Each has a \\Ori.mg \Olume ofabou1 I ~ m' 
These reactors can be construclcd of high dcnsi1~ pol~e1hy kne or libergl:iss 

T\\o exlra ag1ta100 unks for use in accumula1ing cxlracuon liquors. in1enncdia1c siorage of 
offspc.--c prccipi1a1:on liquors. or c\cn prccipi1:1tion rcac1ors. These ha\e \\Orking \Olumes 
1dcnucal 10 1hc 1hrce prccipi1a1ion reactors. 

TI11ce chemic:il fC\.-d tanks - one for sodium h~droxide. one for sodium carbonalc solu1ion 
and one for slurries of limestone. sodium carbona1c or ot!tcr addili\es. 

T\\o mix;foed tanks for feed of polymer to ihe precipiution rcac1or \Csscls. It is expec1ed !hat 
each \\ould conlain a ditfcren1 polymer that would be etfecti\e in coagulation of suspended 
sohds at ditfercnl pHs or solids types. 

Three filler presses. one for each of the three principal precipitation reactors . 

The Me1als Reco\c~ system operate<; in a sequential baich mode in a manr.er similar 10 tl.e Sulfuric 
Acid Extraction sys1cm except that the reactors operate in series with clarified liquor fed forward along 
\\ith any cakt: wash water 1ra1her than countcrcurrent). The cycle times for all rca::tors are the same. 
aboul three hours each - one hour fill. one hour retenlion. one hour empty. 

Sodium hydroxide and sodium carbonale are first fed lo the liquor in Hold Tank V-301 to neutralize the 
liquor raising the pH to about 2 - 2.5. Sodium hydroxide has been selected for this ncutrali7.atlon 
primarily to minimize CO: e\olution. Howe\er. should economics and/or nailability dictate. sodium 
carbonate could also be used especially in comtoination \\lth sodium hydroxide. While it is not 
intended. some precipitation of salts may occur. such lS some amounts of iron. thallium. lead. and 
tellurium. After ncutrali7.ation. the liquor is fed to the first precipitation stage. V-304. where the liquor 
is fed through a filter trap to cap1ure any precipitate formed during ncutraliza1ion. These solids need 10 
be occasionally washed and remo\ed from 1he tilter. which needs 10 be done manually. 

In the tirsl stage precipitation reactor. sodium carbonate solu1ion or slurry is added to raise 1he pH 10 
about 2.5. The resultant slurry is then fihercd. the cake washed and the combined filtrate and wash 
water fed to the second stage precipitation reactor. V-JO~. The filter cake is primarily iron and 
manganese sails with considerably lesser amounts of other trace hea\y metals dissolved from the sludge 
(e.g .. siher and thallium). 

This process of neutraliT.ation/precipitation continues through the third stage precipitation rcaclor where 
the mixed zinc and nickel basic carbona1es arc precipitated. Three chemicals -- sodium carbonate 
solution. sodium carbonate slurry. and/or limcslone -- ire expected to be used for these operations. 
depending upon the composition of1hc liquor (calcium and phosphat1..- in panicular. as discussed 
abo\e). Filtrate discharged from the lasr byproduct filler is discharged to a storage tank outside the 
scope of this design. 

Each tilter is sized to process the content of one precipitation reactor in one hour. Because the slurrie~ 
arc rebti\cly thin -- e.g .. 1-3% ~olids -- the filters arc generally S1Zcd based upon filtrate capacity 
constrarnts. rather than solids filtration alone. The byproduct filter cakes are discharged directly to 
wheeled cans for r.;mo\al of the solids to interim storage areas outside the scope ofthrs design .. 
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3.2 Operatine Requirements 

Tabk 3-3 summari1.cs the range ofopcraung requirements based upon estimates demcd from the 
material balances pcrfom1ed. 



SECTION 3: TABLES AND ORA WINGS 
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Table 3-1. 

Process Unit I 
Sludge Mdhng 

Miiied Slurry 
Storage/Feed 

Pilot Plant Unit Operations 

Unit 

Number 

B-121 

Dtracriptlon Objective 

Feed sludge i1 led to the Ball Mill along IMlh (hot) IPreacribed PSO i 
lwater for milling. Mtll i• intended to operate ju1I 'ldown to 95% < 325 [ 
'one shift per day :mesh. i 
' 
1Milled slurry ii stored lor feed lo V-201. It can al10

1
0ail ilora e of 

V-1011102 tbe "cut" 'Mlh water 1f nece111ry lo reduce 1olld1 I 
11 

yd 
1 

dg 
m1e1011 

;content 

Proce11lng 

Cor1dltlon1 

1 or 2 hnur 

l 

Total 

Cycle Time 

Comments 

2 • 3 hours 1H0t water makeup 11 an 
1opt1on 

l 

Weak acid di11olutton After extraction, 1olida aen1jNeutralize sludge 
·to 2nd Stage (V-203) and liquor to Metal• !alkalinity value• 
; Recovery l V-301 ). Can be run in one or two (Hydroxide and 

i 1 or 2 hour extraclion 6 houri 
(2 x 3 houri 

:carbon dioxide olfg1111 
lvented to scrubber along w11h 
!any acid mist 

1st Stage 
Extraction 

V-201 
:sequential batches. Slur:y can be settled first or !carbonate/ 
:put directly through 2nd Stage hydroclone for bicartionate). 
,separation. 

2nd Stage 
Extraction 

3rd Stage 
Extraction 

Re.tdue Filter 

V-203 

V-205 

I 

!Strong acid dissolution. After extraction, aolid1 
·
1
sent lo 3rd Stage (V-205) and liquor lo Held Tank 
(V-202). Slurry can be settled 111111 or 
!put directly through 3rd Stage hydroclone for 
;separation. 

lFin1l 1trong acid leach. Slurry i1 filtered 1nd 
·washed Filter cake is discharged (or, later, sent 
to enhanced acid leach) Filtrate i1 aem to Hold 
'Tank V-204. 

s.
2211222 

·Ptate & frlme filter preaae1 (one operating/one 
;standby) 

lntenm Hold Tanks' V-2021204 .Receivelhold/retum extraction liquors to 
;accomodate cycles of extraction proce11 

Acid MwFeed 
Tank 

Vent Gas 
Scrubber 

~----~, 

v.
206 

1M1x, store and feed sulfuric l'.cid at chosen 
1 concenlraltons 

V-207 

.vent gases from all Acid Extraction Area Tanks 
are vented to the Scrubber. Caustic fnlkeup 11 

.from the Metals Recovery Area r.d Scrubber 
blowdown 11 sent lo Tank V-301 

Remove r.t1idu1I 
heavy met1l1 

Remove t11cea of 
heavy metals 
except IHd 

Dewater 1nd wash 
residue 

!Provide interim 
1to11ge of llquol'?I 

I 

JAcid makeup 

T 
1

1

control 1cid mist 
em1111on1 

I 

36 

I per batch 

i 

40C or 
(pH<1 .0) 1 x 6 houri) 

I 

1 hour extraclion 
soc 

20% acid 

1 hour ext11clion 
BOC 

20°.4 acid 

1 hour 
60125 c 

(Included above) 

55. 65 c 

-30C 

I 

6 hours 

6 houri 

If 3rd Stage 11 not req'd, 2nd 
Stage 1olld1 are filtered and 
washed 1nd liquor aenl to 
Hold T1nk V-202 

1

3rd Stage acid ext11ct1on may. 
not be required, especially 
With low lead content sludge• 

I i 
1 (Included in IM1nimze acid 1011 and render 
i 205) i101id1 nonhazardous 

l 
(Included 
1bove) 

,Vented to Scrubber 

On demand :Vt~.led to Scrubber 
I 

:Makeup and blowdown are on 
Continuous .a batch ba11111 dictated by 

pH 



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

Activity 

Solids Pr .. p1_u11lon 
Miiiing _ 
Feed to M~I 

.... 
- . - &.----

Milkng ___ _ 
Slurry lo St_ora11t1 T;a~~ 
~lurr~ s1or•11-4! 
T;a~k F1lhng 
_!"!_e~ ~_Exlr~~~~rl _ : ___ : _ __ _. ____ -~---

Acid Extraction 
- AciCflioiak9up-

Ac•d & Vlfater 10 MU-Tank 
~~d ~ ~Jid_ ~!_a~ : ----
1st ~··1• - . - -. 
Liqu()r_I() Feed Ta_nk 
Liqu_()r to ~ea_clor _ 

OHO 1000 

~lurry!_o ~e~~lor 
Extraction 
Residue-separation 

---+-- ----

i~~~si.11~- : · --
_l.i~!o Fe~_!;a_!I~ 
L_~uor I() _R~;a~I()~ 
Solids to Reaclor 
e.C1iac11c1i1-- -

~!~Kfu! ~~ea_ra!ion 
- _31~ ~Ill.ti . . 

Acid lo Reaclor 
si>1ilfi 10-i:fe-aclor 

··--··-·-·-

-~-·~-..... -·-··•· 
Exlraclion 

__ Resid_11~~!e~l_a_1_~r1 
~-••!~ll !'_!c~very 

PreNeutrallutlon 

-------'-------------

~ioi~s~if' ••ci 'fj"n11 Fm 
Chemical Feeds 
t)\!_c11~~-!0~~1~ie , 
~-~~!•..1• 
Tank Fill 
cl\emlcal Feeds 
i>i8£ip_itii;«)~ - -
S()_!~!_ ~_!llar!lli()n 

211~ ~l!i~ 
Tank Fill 
CheRlicai Feeds 
Prt1cipll_;ation 
Solids Separation 
3rd St~9e - -
T;tnk Fill 
Chemical Feeds 
Precip~alion 
Solids Separation 

_______ :_. -1--~ -----

. ,,_____ __ _ 

---i------ ··-· 

Hour or Oper1tlon 

1100 1200 1300 1400 1100 1100 

•··------------·· 

-------
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Table 3-3. Pilot Plant Operating Requirements 

The following estimates of operating requirements deri\e from the material balances 
calculated :is pre,·iously described. 

Commodity Specifications 

Chemicals 

Sulfuric Acid 93% 

Sodium Hydroxide 50% 

Soda Carbonate Powder 

Limestone 95%<325 mesh 

Utilit!es 

Power (Process Only) NIA 

Compressed Air TBD 

Makeup Water Potable 

Hot Water (Optional) 85 c 

Waste/Byproducts 

Waste Residue 50% Solids 

Treated Liquor 15±5% TDS 

Metal Byproducts 50% Solids 

Units 

Ions 

tons 

tons 

tons 

kwh 

scfm 

m' 

ml 

tons 

tons 

3R 

Max..imum 
Daily 
Rate 

0.8 

05 

o..i 

700 

TBD 

9 

(10) 

1.2 

10 

2 

Typical Daily 
Rate 

0. 15 

11.6 

0.25 

0.15 

~50 

TBD 

6 

0.5 
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4.0 Test Program Plan 

4.1 Introduction 

4.1.1 Purpose and 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. whicti together set the tone for the test 
program plan: 

1) determine the technical feasibility; 

2) define the range of process applicability; 

3) o~~imize the process design; 

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

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

4.1.2 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 sludges; 
sludges containing arsenic; 

• sludges containing cyanide; 
• sludges containing mercury; 
• sludges from HCL pickling and other high chloride content sludges; and, 

liquids. 

4.1.3 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 reasonabli' conservative conditions (I.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 program ns defined by the succession 
of test periods. This program structure is intended to orovide overall guidance for 
testing, rather th~m being ccmplete!y prescripti-.a. It i:.. 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 knowledgeable expectations of 
performance. 
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A totaJ of at least seven test periods are envisioned. Six of these have been defined in 
this Test Program Plan. ThP. 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 ·variational" 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. One 
longer C:uration ·'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 proga·am startup, including: 

gaining familiarity with equipment and general plant operation: 

development and validation of analytical procedures: 

fine tuning data acquisition and record keeping; 

finalizing standard operating procedures/practices (SOPs); 

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

making modifications to equipment and controls 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 Jet of siudge characteristics reflects an increasing level of complexity in 
system chemistry and/or an increasing degree of difficulty expected in sludge treatment. 
The sludges recommended for the first three test peri-::ids 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 co~trol variables for ~ach major process area. These derive principally from 
the results of laboratory batch testing, ano 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 pdrallel with pilot 
plant testing, as needed. Such testing should serve two purposes. First. troubleshooting 
problems and assisting in setting dirP.ction for future test conditions. This is may be 
required in support of the Acid Extraction and ~~etals Recovery areas. Second, to 
perform Residue Treatment Area testing, which 1s expected to be needed for sludges 
containing high levels '>i 1t::ad and/or cadmium. 
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4.3 Variational Test Periods 

Five of the test periods 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 1n-1estigate 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 conditi'Jns established 
during the previous set of parametric tests. 

Each variational test period is characterized by relatively intensive sampling and 
analysis. The recommended data requirements and sampling/anal1sis program o:tre 
discussed in Sections 4.4 and 4.5. 

4.3.1 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 
variable 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 necessart 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; although, such fineness is not expected to be 
required. 

4.3.2 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 Table 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 i>alances the relative importance of operating 
and design parameters that impact technical and economic feasibi:ity 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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lnit!a! 
Parameter Baseline Goal 

Number of Stages 3 2 

Acid Stoichiometry 120% <110% 

Solids Grind 90-95%<200 mes.h 90-95%<200 mesh 

Stage Holdup Times-1st/2nd/3rd %12 hours W- hours 

Stage Temperatures-1st/2nd/3rd 40/50/60 c 401501- 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. 
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4.3.3 Metals Recovery 

Table 4-7 summarizes the performance objectives and the -baseline conditionsn for 
initiating testing of the Metals Recovery area. Table 4-6 sets forth the environmental 

performance criteria 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 provicie 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. 

Parameter 

Number of Stages 

Chemicals 

Holdup Times-Each Stage 

Temperatures-Each Stage 

Solids Geeding 

Initial 
Baseline 

4 

NaOH (20-50%) 
Na1C03 (15% solution) 

1 hour 

Uncontrolled (20-35 C) 

None 

4 

NaOH (20-50%) 
CaC03 (>30% sluny) 
Na~C03 (>30% slurry) 

1-2 hours 

Uncontrolled (20-35 C) 

To 5% \some Stages) 

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

4.3.4 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 environmental 

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 remove 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 
do, howevfr, 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. 
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Initial 
Parameter Baseline Goal 

Number of Stages 1 1 

Chemicals HC! HCI 
CaCOJ CaC03 

Holdup Time 4 hours 2 hours 

T emperc.ture soc -40C 

Residue Grinding None None 

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

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 induded in the original pilot plant design 
because of high costs and the lack of definitive design parameters. It is assum~d that 
Byproduct Recovery testing would be carried Clut offsite through equipment suppliers_ 

4.4 Demonstration Testing 

Two types of demonstration testing have been induded in the test program plan. The first is 
as a last segment or run in each variational test period. These are intended to serve as a 
verification of .:>verall 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 also establish full scale design and operating paramete1 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. Two separate 
demonstration runs are recommended at slightly different operating conditions -- firs~. at 
relatively conservative conditions at which performance objectives can be fairly confidently 
projected; and, second, at somewhat more aggressive conditions 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 ur:on results 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" sludges from a chemistry 
standpoint); and, 

meet all other const,·aints 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 familianty with test cond1t1ons 
In general. data acquisition 1s expected to be most intensive and comprehensive during 
variational 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 variational testing. data acqu1s1t1on 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 variable. and general requirements that are prescriptive in nature are not easily 
established. 

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

4.6 Sampling and Analysis 

4.6.1 Importance of Effective Sampling and Analysis 

Metal-bearing sludges often exh'.bit substantial variation in composition among the samples 
both in the minor as well as major components. Because of this variability, developing '3 

process to treat even individual sludges. much less mixed wastes. imposes an additional 
burden on sampling and analysis over that required for plants which run on relatively 
uniform feedstocks such as ores or industrial in!ermediates. This becomes particularly 
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 ~ process to extract hazardous constituents and/or byproduct values (target 
components) while leaving the nonhazc.;dous matrix, it is critical to und·~rstand 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 unifonnly 
distributed thro1Jghout the matrix as for example in a solid solution. then it may be 
necessary to dissolve and reform (e.g., 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 matrix. (either 
uniformly or in "pockets" of localized concentrations), then it may be possible to either 
remove target materials selectively by physical as well c.s 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 c;tep in ensuring process optimization. 



4 6 2 Sampling 

Bulk Solids 

Automatic sampling systems such composition samplers are not expected to be useful for 
this program. All sampling is ar.ticipated to be conducted manually by trained technicians. 
Sampling should be accomplished by recognized techniques including the use of ··thiefing"' 
for highly nonhomogeneous materidls. "Thiefing" involves taking selective portions of a 
particular material based upon the technician's observation of nonhomogeneities to -create
a representative sample. This is often much more desirable than random samp!ing 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 constituer.ts 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 should be, as a minimum. 
an aspirator-assi~ted filtration apparatus in the pilot plant area. Preservation of solids 
samples usually also requires immediate washing with an appropriate liquor/solution ~o 

remove entrained mother liquor. This is most frequently accompiished with two to three 
displacement rinses with water. 

4.6.3 Analyses 

Solids Moisture Content 

Accurate measurements of moisture content can be determined by drying solids at 105 C t 
5 C in a forced draft oven. Drying should be continued to constant sample weight (i.e .. <0.1 
% i:hange 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 ar.d measurement based upon procedures qiven in USEI 'A 
Report SW-846 for Analysis of Solid Wastes should prove useful. For metals analyses. 
samples can be solubilized by digestion in hot nitric acid (use of approximately 30% HN03 

hr initial digestion followed by i11cremental addition of hydrogen peroxide after one eir two 
houfs; insolubles are filtered off and the solution dilut~d prior to analysis). This will dissolve 
mos;, bu! not all metals. Lead is a notable exception. The acid insoluble fraction. therefore. 
needs to be further analyzed. This can be accomplished by fusinq the nitric acid-insoluble 
residue witl1 a sodium carbonate/sodium borate mixture. The fu~ed residue is then leached 
with water to remove excess fluxing agent. and the solids dissolved in dilute hydrochloric 
acid for analysis. Careful measurements must be maintained on both fractions to ensure 
accurate recovery of all metals. 



Analysis of Metals in Solution 

It is assumed that the analysis of metals in sohds 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 meri:ury. and hydride generation AA for elements that form volatile 
hydrides such as selenium and tellurium. 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. C'lthougt: 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 contain 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 
delivering accurate results. A primary 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 !:>e 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 mee1surements 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 wl iich have been spiked with trace elements whose 
spectral lines might suffer :nterferences. 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 Np). AA 
measurements (1lame 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 wa·1elengths for FLAA for various elements of interest 
are gilfen in Table 4-11. 

~7 



Graphite furnace 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 arid 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 matrix 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 

Expected Duration 2 • 3 Months 
--------·-.---------·+ 

Sludge 

Sludge Type(s) 

Testing Style 

Focus of Segments 

Segment 1 
················ 

Segment 2 
···-················· 

Siudge A 

Simple 

Variational 

Sludge Milling 

Acid Extraction 

Period 2 

1 • 2 IVll")nths 

Sludge B 

Simple 

Variational 

Sludge Milling 

Acid Extraction 

Period 3 Period 4 

1 • 2 Months 1 Month 
---·--

Sludge C Composite 

Simple Simple 

Variational Demonstration 
+-·------·-----+--------·--

Sludge Milling Condition 1~ 

Acid E:::xtraction Condition 2i 

Segment 3 Metals Recovery I Metals Recovery I Metals Recovery 
················ 

Segment 4 2Week Demo 2WeekDemo 2Week Demo 

Period 5 Period 6 

1 • 2 Months 1 • 2 Months 
~------ ---------. ---- ---·-

Sludge D Sludge E 
·-- ---- - ----- -

Complex Complex 
-·------

Va national Variational 
----->-·---- .... -- ---·-------

Sludge Milling Sludge Milling 

Acid Extraction Acid Extraction 

Metals Recovery I Metals Recovery 

2 Week Demo 2Week Demo 
-----+--------+--------+- -----+-----------

Offline Testing 1 

General Lab Techniques I Lab Techniques 

Acid Extraction 

Metal Recovery 

Grind 
Temperature 

pH/Partitioning 

Residue Treating I Not Expected 

Offsite Testing Sodium Sulfate 
Recovery 
(during Demo) 

Grind 
Temperature 

Grind 
Temperature 

pH/Partitioning ~pH/Partitioning 
.............................. ·······························t··············· 
Not Expected Not Expected 

Sodium Sulfate Sodium Sulfate Sodium Sulfate 
Recovery I Recovery Recovery (One 
(during Demo) (during Demo) Condition) 

10ffline testing requirements will vary depending upon system performance 
2See section 4.4 
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Lab Techniques 

Grind 
Temperature 

Grind 
Temperature 

pH/Partitioning I pH/Partitioning 

Expected Expected 

Sodium Sulfate I Sodium Sulfate 
Recovery 
(during Demo) 

Recovery 
(during Demo) 

Period 7 

OPEN 
---·-

TBD 
·- ···----- - -- --· --

TBD 
1-- --·------ ---

TBD 
-----. - . ·-·- - ·-· ---- ---



Table 4-2. Example Matrix of Sludges 

General Constraints: 

Characteristics Sludge A 

General 

Sludge Consistency Dry 

Source Consistency High 

No Arsenic (<0.05%) 
No Cyanide 
No Mercury 
No Oily Sludges 
No Chloride Sludges (e.g., HCI Pickling) 

Sludge B Sludge C 

Dry/Moist Ory/Moist 

High High 

Sludge 0 Sludge E 

No Free Draining No Free Draining 

Moderate Moderate 
I --

Substrate 

•.;hloride 

Alkalinity 
............................................ 

Phosphate/Sulfate Ratio 

Ammonia 

Metals 

Lead 

cadmium 

Fe •21Fe •3 Ratio 

Copper 

Other 

Low Low Low/Moderate 

Low Low/Moderate Low/Moderate 

Low No Limit No Limit 

Nil Nil Nil 

<0.1% <0.1% <0.1% 

<0.05% <0.05% <0.05% 

<0.10 <0.10 <0.10 

Low Low High 

Low Molybdenum I Low Molybdenum I Low Molybdenum 

Low/Moderate 

No Limit 

No Umit 

Nil 

Low/Moderate 

low/Moderate 

<0.10 

Unspecified 

Unspecified 
~~~~--~~~~~~~~~-~~ ..... ~~--~~~~~~~~~1--~~~~~~~~~~~-41--~--~~~~~~~~--*-~~~--~~~~~~ -

Representative Sludges Rubikon Elzett BHG & Ganz MOM 
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Low/Moderate 

No Limi~ 

No Limit 

Low 

Low/Moderate .......................... 
Low/Moderate 

Unspecified 

Unspecified 

Unspecified 



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

Process Area 

Sludge Preparation 
-Milling 

Acid Extraction 

-
Metals Recovery 

Residue Treatment 
(Offline Testing) 

Sodium Sulfate 
Crystallization 
(Offsite Testing) 

Principal 
Performance 
Parameters 

I · Sludge PSD 

I 

. Metals Dissolution . Residue Properties 
- "Nonhazardous· 
- Dewaterability 

I : ~etafs ~ecove~ etas artition g 
I • Phosphate 

Removal 

. Pb Removal . Cu & Cd Removal 

I 

. Salt Purity . Salt Recovery 

Control Variables 

I 

j Principal Secondary 

i • Holdup Time I • Ball Charge 
j · Slurry Concentration j • Power Requirement 

I 
i 

• Acid Stoichiometry 

I : 
Degree of Agitation 

• No. of Stages Acid Concentration 
• Holdup Time 
• Temperature 

I : frse of Limestone 
. Be~rer5ot Ag~on . so odas . Holdup Time Slurry 

• Solids ·seeding· . Limestone Gnnd 

. HCI Requirement . Degree of A'.)itation 
• Temperature . Holdup Time . Fe Cementation . Residue Gnnding 

• Wastewater . Energy 
MinimiZation Requirement . Number of Effects I 

I 
I 
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I 
I 

I 

I 

. 

. . 

Other 
Significant 

Process Issues 

Gas Evolution 
- Acid (S03.HCI) 
- Other(NH3)? 

Disposition of er 
Fe02/Fe"3 Ratio 
Impact 

• Acid Gas Evolution . Fe02/Fe"3 Ratio 
Impact 

. Cr Impact . Phosphate Impact 



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

Performance Objectives 

Primary: 1) Achieve specified solids particle size distribution (PSD). nominally set at 90-95% 
< 200 mesh {75 micron). 

2) Achieve specified solids particie size distribution at slur;y concentrations of 25 -
30 wt% insoluble solids or greater. 

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

Initial Baseline Conditions (Nominal) 

Grinding of sludge solids was not tested as a part of the laboratory test program. Therefore, test!ng of 
the milling of sludges will need to rely on experiential information and empirical results. The following 
represent first approxima~ions to conditions expected to achieve the desired performance objectives. 

Number of Milling Stages: 1 

Mill Holdup Time: 1 - 2 hours batch basis (solids throughput) 

Slu'J' Concentration: 25 to 30% suspended solids 

Variational Conditions (Potential) 

There is no current basis for setting the ranges of operational parameters for variational 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 r;harge 
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Table 4-5. Acid Extraction 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. 

Secondaf)•: 2) PrC'~uce a residue which is readily dewatered. 
3) Optimize acid stoichiometry in concert with sludge mifling requirements. number 

of extraction stages, operating temperature and holdup times. 

Initial Baseline Conditions (Nominal) 

The following "B.aseline Conditions" derive from the results of laboratory b3tch testing and should be 
considered i.--:;t;af starting poi11ts for the overall test program. As experience is gained through actual 
pilot plant oper~tions with different sludges. these conditions should be re-evaluated and new standard 
conditions estr · :·3hed as warranted. 

Number of Extraction Stages: 

Milled Solids Particle Size: 

Overa!I Ac:;-; Stoichiometry: 

Operating Temperatures: 

Extraction Holdup Times: 

3 

90-95% < 200 mesh 

120% 

3rd Stage - 60 C 
2nd Stage - 50 C 
1st Stage - 40 C 

3rd Stage - 2 hours 
2nd Stage - 2 hours 
1st Stage - i hour 

Vari~tional Conditions (Potential) 

The following range of conditions derive from the results of laboratory batch testing ard snould be 
considered initial starting points for the overall test program in setting con:~itions for !)<lram-Jtric !ests 
during different Test Periods. As experience is gained t~rough actual piloc plant operations with different 
sludges, these conditions should be re-evaluated and new ranges established as warrant~d. 

Number cf Extraction Stages: 

Milled Solids Particle Size: 

Overall Acid Stoichiomei1y 

Operating Temperatures: 

Extraction Holdup Times: 

2 c; 3 

90-95% < 325 mesh to 90-95% < 100 m6sh 

105% to 140% 

3rd Stage - 50 - 80 C 
2nd Stago - 40 - 80 C 
1st Stage - 30 · 40 C 

3rd Stage - 1 to 4 hours 
2nd Stage - ·1 to 4 hcurs 
1st Stage - 0.5 trJ 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 100 Hg 2 

Be 10 Mo 10 

Cd 5 Ni 1GO 

Co 50 Pb 100 

Cr 100 s" I 10 I 

Cu 100 Zn 300 

Wast~water Discharge Standards (Penalty-Free) 

Parameter I Concentration 
Parameter 

Concentration 
(mg/kg) (mg/kg) 

COD 100 Phosphate (Total) 2 

Oil & Grease 

I 
10 Cyanide (Free) 0.2 

Organic Soivent 5 Cyanide (Total) I 10 

Dete.gent I 0.05 (cc/I) Toxicity {Dilu1ion) LC 50% Demand 

pH 5-9 {pH units) Ag {Total) 0.1 
' 

Total Salt (Natural) 2000 As {Total) 

I 

0.1 

Tota: Salt 2000 Cd (Total) 0.05 
(Technical) 

Sodium Equivalent 45 Cr (Total) 1 
----

Phenol 3 Cr{VI) 0.5 
-

Total Floating Mat'! 200 Cu (Total) 2 

Bitumen 2 Fe {Total) 20 
--

Ammonia (Total. N) 30 Hg (Total) i 0.01 

I 
+----·-----
I 

Sulfide 2 Mn (Total) ! 5 I i---- -

Chlorine (Active~2 Ni (Total) 1 
--

fluoride 10 Pb (Total) ~ 0.2 

Nitrate 
1 

80 Zn (Total) 5 
I 



Table 4-7. Metals Recovery Area Testing 

Performance Objectives 

Primary: 1) Complete precipitation of metals to achieve metals concentrations in accordance 
with wastewater discharge standards set forth in Table 4-6_ 

2) Achieve partitioning of metal values into precipitates compatible with market 
acceptability_ 

3) Produce precipitates which are readily dewatered. 

Secondary: 4) Selectively remove phosphate from solution_ 
5) Optimize use of caustir., soda ash and limestone_ 

Initial "Jaseline Conditions (Nominal) 

The following "Baseline Conditionsn derive from the results 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: 

Chemical Additives: 

pH Target Levels: 

Jperating Temperatures: 

Extraction Holdup Times: 

Solids Recycle (Seeding): 

4 (Including Pre-Neutralization) 

Caustic 
Sodium Carbonate - as solution (-15%) 

Pre-Neutralization - -2.8 
1st Stage - -3.3 
2nd Stage - -6 
3rd Stage - -9 

20 - 35 C (Uncontrolled) 

1 hour each Stage 

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: 

Chemical Additives: 

3 to 5 

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 



Table 4-7. Metals Recovery Area Testing (CONT.) 

pH Target Levels: 

Operating T emperatt•res 

Extraction Holdup Times: 

Solids Recycle (Seeding): 

To be determined 

Controlled (Undefined/Variable) 

0.5 to 1.5 hours each Stage 

to 5%? 



Table 4-8. Residue Traatment Area (Onsite Bench-Scale Testing) 

Performance Objectives 

Primary: 1) 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 rn 
accordance with the criteria set forth in Table 4-6. 

2) Selectively recover dissolved iron by cementation. 
3) Produce residue which is readily dewatered. 

Secondary: 4) Minimize cfissolution of iron. 
5) 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 experience 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: Hydroch!oric Acid 
Limestone 

Operating Temrerature: 50 C 

Extraction Holdup Time: 4 hours 

Pre-Extrar;tion Solids Grinding: None 

Variational Conditions (Potential) 

The following rangJ 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 
dJring 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: 1 or 2 

Chemicals: Hydrochloric Acid 
Limestone 
Other Additives 

Operating Temperatures: 40 - 60 C 

Extraction Holdup Times: 2 to 6 hours 

Pre-Extraction Solids Grinding: To be determined 



Table 4-9. Bypmduct (Na2SO,) R·~covery Area (Offline Testing) 

Performance Objectives 

Primary: 1) Attain 90+% recovery of Na:S04 from residual solution. 
2) Attain 98% Na:S04 salt purity. 

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

Initial Baseline CondiUons (Nominal) 

Byproduct recovery (of Na2S04) was not tested as a part of the laboratory test program. Testing will 
need to be conducted offline and rely on the expertise of crystallizationievdporation o 
equipment/systems suppliers. 



Table 4-10. Summary of Data Recommendations 



Table 4-10A. Sampling/Analysis Recommendations for Demonstration resting (Part 1) 

-
Makeup Makeup 

Water Water 

(Cold) (Hot) 

Sampling Frequency '11 w 
Analysis Frequency w w 

Analyses 
SubSlrate Cations 

Al•'n•num w w 
Cal .. 1um w w 
I ln (II) w w 
Iron (Total) w w 
MagneS1um w w 
Manganese w w 
Potassium >N w 
$odic.1m w 'A 
Tin w w 
Titanium w w 

I 
Major Anions 

Carbonate w w 
Chloride w w 
Cyanide w w I 
F'uonde w w 
Nitrate w w 
Phosptate w w 
Silica w w 
Sulfate w w 

Other Parameters 
TSS/"4 Solids" w w 
Solids PSO -- --
pH" w w 
Acidity/ AlkalinllY w w 
Total Carbon w w 
Ammonia w w 
Aad Insolubles w w 

Full Metals Suite N N 

Target Metals Suite w w 

Codes: 
B Each "Batch" 
L Each delivery "Load" 
N As "Needed" based upon sludge composrt1on 
W "Weekly" 
T "Troubleshooting· on1y 

General Plant 

I Sodium 

Limestone I Sodium Carbonate 

Hydroxide Solids Solids 

Supply Supply Supply 

L L L 

T T L 

I -· T T 

-- T L 

- T T 

-- T T 

-- T T 

-- T T 
I - T T I 

T T T 

-· T T 

-- T T 

- T L 

-- T T 

-- T T 

-- T T 

- T T 

- T T 

- T T 

-· T T 

-- - B 

-- -· L 

-· -· -· 
T -· T 

-- T T 

-· -· T 

-· T T 
T T T 

T T T 

• Analysis on slurry pnC1r tu sphttn r onto fractions or ~oli.1s prior to analytica: v11sn1ng 

Sludge Preparation 
Milled Slurry• 

Sulfuric Sludge So"ds ' Solution 
i 

Acid Feed Fraction ; Fraction 

Supply ~ 

L B B 8 

T B 8 8 

T B 8 T 

T ~ 6 T 
T B 8 ; T 
T 8 8 T 
T B B T 
T B B T 
T B B T 
T B B T 
T B B T 
T 8 8 T 

-· B B --
T 8 6 T 

- B 3 --
T B B T 
T B 8 T 
T B B T 
T B B T 
T B B T 

B B B -· 
-· B B --
-- -· -· T 
T B B T 
T B B ... 
-· B B -· 
T B 13 T 
T B N r 
T B B T 



Ta ble 4-108. Sampling/Analysis Recommendations for Demonstration Testing (Part 2) 

·- Acid Elltraction Atta 
•st Stage lntennediate Stage Clf Used) 

FMC! Slurry" 

Solids SOiution ! 
Fractson Frxtion 

Sampltng F~•Nencv B B 

Ar:.Jlys1s Frequency B w 
Analyses 
s ... =s:~£.e ca:._-:""5 

.:. . .fli~t .. f- B w 
C? ::•..LtT" B w 
r~r. i") B w 
'Gr:. -8~a: B w 
\,3,~re~·...JT' B w 
Var.garese B w 
~ .... '.?S.SO"JT" B w 
Soaiurr B w -n B w 
--.tan1,..4T' B w 

"-t3,Gr ~r1or.~ 

":droo,..dre B w 
:r-.1'J'·:le B w 
Ctar1:1e B w 
;: '.;C"'.:!e B w 
!'•1trat~ B w 
~osor..are B w 
S11•Cil • w 
51.Aate B w 

:)t,.,er Pa,.anieters i 
TSS/% Sallas· B 8 I Sohds PSCl B -
pt-<" - • I Ac.dlf'yJAiil<a11;"":1'.""t B B 
To!al Carll<Jn B w 
Ammonia 8 w 
Acia 1nsot1...1t·es B v; 

Fu:I Metals S1J1te N N 

Target Me!a•s Sui!!! B w 

Codes: 
8 Eacn ·eaicn" 
L Eacn de11very "Loa.:t 
N As ·• ieeded'· oase<l •Jpon Sludge compoSi!IOn 

w WeeWI'{ 
T 'Troublestiocf1"9' only 

Filtef Cue Fiftr:ate Filter Cae 

As An.11yt1cally Liquor As An.11yt1c.1lly 
1 

Produc.ct WHhftl Pn><luc.O WHhed 

B B B B B 

T T B T T 

T T 
' T T B T T 

T T B T T 
T T B T T 
T T B T T 
T T B T T I 

T T B T T I 

T T B T T ' 

T T B T T I 

T T B T T 
I 
I 

T T B T T 

T T B T T 
T T B T T 
T T • T T 
T T B T T 
T T • T r 
T T 8 T T 
T T • T T 
T T 8 T 

8 B 8 B • - - - - -- - B - -
T T • T T 
r T 8 T T 
T T 8 ' T 
T T 8 T T 
T T N T T 

i T T 8 T '!' 

• Analysis on siurry P'1or to sphtt1n; into fract.ons o• so11ds l)r1or to analyt1cat w•l"ung 

Filtrate 

Liquor 

B 

T 

T 
T 
T 
T 
T 
T 
T 
T 
T 
r 
T 

T 
T 
T 
T 
T 
T 
T 
T 

B 

-
• 
T 
T 
T 
T 
T 

T 

Last Sta9e 
Filter Cue I Fillrale 

As An•¥tc•Uv Liquor 

ProducH W•sllMI 

B B B 

B B T 

B B T 
B a T I 

B " T 
B B T 
B B T 
B B T 
B B T 
B B T 
B B T 
B 9 r 
B B r 

B B T 
B B T 

B B T 
B 8 T 
B 8 T 
B • T 
B • T 
B • r 

B B G 

- - -- - 8 
8 B T 
8 8 '!' 
B B T 
8 8 T 
N N T 

B B T 



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

Sodium Sodium 

Carbonate carbonate 

Soll.ltion Slurry 

Sampling Frequency B B 

Analysis Frequency T T 

Analyses 
Substrate Cations 

Aluminum T T 
Calcium T T 
Iron (i!) T T 
Iron (Total) T T 
Magne~ium T T 
Manganese T T 
Potassium T T 
Sodiull' T T 
Tin T T 
Titanium T T 

Major Anions 
Carbon-. re T T 
Chlorir~e T T 
Cyanide T T 
Fluoride T T 
Nitrate T T 
Phosphate T T 
Silica T T 
Sulfate T T 

Other Parameters 
TSS/% Solids* B B 
Solids PSD - w 
pH* ·- -
Acidity/Alkalinity T T 
Total Carbon T T 
Ammonia T T 
Acid Insolubles T T 

Full 'Jletals Suite T T 
Target Metals Suite T T 

Code,.: 
B Each "Batch" 
L Each delivery "Load" 
N As "Needed" based upon sludge composition 
W 'Wef"kly" 
T 'Trou Aeshooting" 01.:y 

Metals Recovery Area 
Each Precipitation Stage 

Limestone Reacted Filter Cake 

Slurry Slurry As Analytically 

?roduced Washed 

B B B B 

T B B B 

T B B B 
T B B B 
T B B B 
T B B B 
T B B B 
T B B B 
T B B B 
T B B B 
T B B B 
T B B B 

T B B B 
T B B B 
T B B B 
T B B u 
T B B B 
T B B B 
T B B B 
T B B B 

B B B B 
w - - -- B - -
T B B B 
T B B B 
T B B B 
T B B B 
T T T T 
T B B B -

• Analy~;s on slurry prior to splitting into fractions or solids prior to anaiytical washing 

filtrate 

liquor 

B 

B 

B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 

B 
B 
B 
B 
B 
B 
B 
B 

B 
-
B 
B 
B 
B 
B 
T 
8 



Table 4-11. Wavelengths for ICPES and Flame AA Elemental Analysis 

ICPES Flame AA 
Element -

Wavelength (nM) : Sensitivity (mg/I) Wave!angth (nM/ Sensitivity (mgtl) 

I 

0.005 328.1 
: 

0.06 Ag 328.1 
r ! 

Al 308.2 
: 

0.45 324.7 l 1 i i 

As 193.7 0.03 193.7 i 0.02 I 

Ba 493.4 ! 0.02 553.6 
I 

0.04 i 
I 

Be 313.0 0.0005 234.9 
i 

0.03 I 

Ca 317.9 0.1 422.7 I 0.08 

I ' 
Cd 226.5 ! 0.003 228.8 I 0.03 

Co 228.6 0.05 240.7 I 0.2 I 

Cr 267.7 
I 

0.05 357.9 
I 

0.3 

Cu 324.7 0.02 324.7 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 I 0.02 

Ni 231.6 0.15 232.0 0.2 
-

Pb 220.3 0.05 283.3 0.5 

Sb 206.8 0.03 217.6(231.1) I 05 

Se 196.0 0.08 196.0 0.005(Hydride) 
---

Te 214.3 0.1 I 

Ti 334.9 0.15 

Tl 190.8 O.C4 276.8 0.5 
-

v ?.92.4 0.08 318.4 0.8 
-- -

Zn 213.8 0.02 213.9 0.02 

Sn 242.9 0.1 286.3 

I 
4 

(Fe Interference) 



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

Element/Anion Method Reference 

C (Total Carbon) Leco Furnace (Infrared) Leco Instrument Manual 
I 

c1- (Chloride) Extraction/Ion Chromatography i EPA 300 

Cr"6 (Chromium) Extraction/Colorimetric SW-846 7196A 

CN· (Cyanide) ' Distillation/Colorimetric SW-846 9012 ---------- ,_ - _, _____________ ___,,____ __________ _ 
F- (Fluoride) Distillation/Fluoride Electrode APHA 4500-F 

l 

NH3 (Ammonia) Distillation/NH3 Electrode I APHA 4500-NH3 

N03 (Nitrate) Extraction/Ion Chromatography EPA 300 

P (Phosphorus.Total) Dissolution/Colorimetric APHA4500-P 

S (Sulfur, Total) Leco Furnace (Infrared) Leco Instrument Manual 

Si (Silicon) Dissolution/Colorimetric AP HA-Si 



Figura 4-1. Tat Program Decision Diagram - Acid Extraction 
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Agu1'9 4-3. RMldue Treatment Uboratory Batch T•t Configuration 

Designations In Bold Indicate anticipated 
or prefenad configuration 
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~egure '-'A. Test Program Decision Di8gram - Reaid• Treatment (Part 1) 
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Figure 4-48. T91 Program Decision ma..- -Allldue T .. tma'lt (Part 2) 
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SECTION S: ENGINEERING DESIGN 



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

5.2.1 Process Equipment 

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

5.2.1.1 Solid material preparaticn area:$ 100, 263. 

5.2.1.2 Acid extraction area:$ 200, 346. 

5.2.1.3 Metal recovery area:$ 300, 437. 

5.2.1.4 Steel structure skids. 21, 1 tons: $ 68. 580. 

5.2.2 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 installation. complete fitting work. 
functional tests per units of assembly) S 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 t9st run S 60,000. 

6.3 Modifications as required upon test run experiences (1i:l"/o on points 1 - 4 above)$ 167.775. -
Total: $1,976.725. 



Galvanic Sludge -

PFCD-

PFD-

P&ID-

Pilot Plant -

SCFM-

TBD-

TDS-

TSS-

GLOSSA.~Y 

Sludges c.ontaining waste products ( especia1ly metals ) from metals plc:ling as etching 
operations. 

P•ocess flow and control diagram 

Process How diagram 

Piping and instrumentation diagram 

A fully operational version in smaller scale of a proposed operating facility. The pilot plant is 
intended as a test bed for industrial scale process testing and modificati<'n. For this project. the 
pilot plant is intended to be used in continuing oper< tion as a transportable satellite of the full 
scale plant a~er process proving. 

Standard cubic feet per minute 

To be developed 

Total dissolved solids 

Total suspended solids 



5.2.1. 

5.2.2. 

5.2.3. 

5.2.4. 

5.2.5. 

ERRATA 

Sections 5.2.1 et seq a:e replaced 3S follows: 

Process equipment 

(The cost include: purchase price, packing, shipping 

to the construction/assembling contractor's site of 

imported and home machines and equipnent, insurance, 
costs of material management) 

5.2.1.1. Solid material preparation Area 1()) 

5.2.1.2. Acid extraction Area 2()) 

5. 2 .1. 3. Me ta l recovery Area 300 

5.2.1.4. Steel structure skids, 21,1 tons 

Assembling, fitting of process equipnent 

(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) 

Electric power transmission 

(Cost components: installation of all electric 

equipment, fittings, cables, complete electric 

fitting work, functional tests per units of 
assembly) 

Instrumentation 

(The costs include: purchase price of instrument~ 

and auxiliary material for installation, complete 

fittin~ work, functional tests per lll1its of 
assembly) 

Tran~portation cf the complete assembled plant to 
the Jite 

Costs of the complete pilot plant equipment 

263.705,-

346.035,-

437.755,-

68.580,-

377 .110,-

70.810,-

113.745,-

11.215,-

1.688.950,-



5.2.6. 

2 

Estimate of further costs 

~.1. Arr?ngement at th~ site, creation of 

utilities connections 

6.2. Participation at and carrying out of 

test run 

6.3. Modifications as required upon test rtm 

experiences ( 10 % on points 1-4 alx>ve) 

'IUfAL: 

Section 6 is deleted 

60.CXXJ,-

60.CXXJ,-

167.775,-

1. 976. 725 ,-




