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Dear Dr. Seames and Dr. Foerster,

Please see the attached partial conceptual design for Process Area 03, a grassroots acid
mine drainage treatment and rare earth element extraction facility. This report defines the full
scope of chemical engineering work for Process Area 3: REE Concentration via lon Exchange,
in terms of functionality and safety.

The proposal will remediate 2.1 billion gals/year of acid mine drainage (AMD) annually
while generating 75 tons/year of mixed rare earth oxides, 3,000 tons/year of zinc and copper
sulfide. The proposal will contribute to the US rare earth supply chain, a strategic priority of the
Department of Energy, while reducing the ecological and human health hazards posed by the
Berkley Pit.

All equipment in this process area has been brought to design specifications. A pH
control tank with NaCO3 feed has been added for pH control during the adsorption cycles of the
ion exchange (IX) columns. The regenerating acid was changed to HCI from H2SO4 to avoid
sulfate species precipitation and resin fouling. Process Area 3 block flow diagrams and process
flow diagrams, as well as the overall facility input/output diagram.

Piping and instrumentation diagrams with corresponding SLC sequence of events tables
for semi-batch operation, major equipment layout plan, piping routing plan, and wastewater flow
diagrams were produced for Process Area 3. The process area contains an acidic and non-acid
wastewater system for planned and potential releases.

The overall objectives of this design are to maximize profits while minimizing
environmental impact and meeting safety requirements. These objectives are achieved by
anticipating system upsets to keep the process area running. These objectives are also achieved
by rejecting out-of-spec Process Area 3 products. This avoids wasting expensive and toxic Process
Area 4 chemicals in the production of impure final products. Finally, defining separate wastewater
systems to avoid dilution of the most contaminated effluents drives down waste handling and
storage costs.

We request that you review this partial conceptual design report and contact our group with
any questions prior to our upcoming review meeting.

Best Regards,

Cameron Cooper Olivia DeLong Craig Morton Andrea Williams
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Partial Conceptual Design for Rare Earth Element Recovery from
Acid Mine Drainage

Process Area 3: Concentration of REEs via lon Exchange

1. Introduction

The purpose of this report is to define the full scope of chemical engineering work for
Process Area 03: REE Concentration via lon Exchange, in terms of functionality and safety. In
addition, this report updates the preliminary design of the entire AMD Treatment and REE
Recovery facility by noting what errors were found, why they were significant, and how they
were corrected. Throughout this report, updated preliminary design items are marked by boldface
font.

The proposal will remediate 2.1 billion gallons of AMD annually while generating 75 tons/year
of mixed rare earth oxides, 400 tons/year of cooper sulfide and 1000 tons/year of zinc sulfide. The
design involves the staged precipitation of an enriched slurry followed by the acid leaching of
REEs and byproduct metals back into solution. The leachate is passed through semi-batch
operation ion exchange (IX) resin beds. Selectively adsorbed REEs and byproduct metals are
removed from the IX columns by a hydrochloric acid regenerate stream and then selectively
precipitated out of solution. REE oxalates are calcined into mixed rare oxide product streams.

This report will include the following: Input/Output Diagrams, Block Flow Diagrams, Process
Flow Diagrams and descriptions for each drawing, major equipment list, overall facility layout
diagram, major equipment location plan, on plot pipe routing diagram, 1% level pipe routing
diagram, 2" level pipe routing diagram, utility flow diagrams, and piping and instrument diagrams
with regulatory and safety controls.

1.1 Market & Geopolitical Background

REEs are an important raw material for many products including fiber optics, specialty
alloys used in aerospace applications, and high-performance magnets used in electric generators,



electric drives and control systems using magnetic actuators. ', They have become synonymous
with technical innovation and there is rapidly increasing global demand. Demand drivers include
the expanding wind turbine and EV markets, as well as the increasing investment in advanced
defense systems around the world. The key REEs for these sectors are praseodymium (Pr),
neodymium (Nd), terbium (Tb), and dysprosium (Dy).*

Rare earths are traditionally mined from bauxite ore and undergo benefaction into mixed
oxides. These oxides are then sold to refineries which produce high purity reduced element
metal products which can then be sold to manufacturers. REEs production has become a
significant geopolitical issue. China controls roughly 70% of REO production from mined ore
and 90% of REO refinement and magnet production.> This monopoly of the value chain allows
for strategic price manipulation over the entire value chain to discourage to market entry.*
China’s domination of the market has caused concern in the US and its allied countries because
REEs are both necessary for military advantage and for survival of economies based on
advanced manufacturing technology.

All REEs were listed as critical minerals by the US Geological Survey due to their
strategic importance and supply risk.>. Pr, Nd, Tb, and Dy were listed as critical materials for
energy on the 2023 DOE Critical Materials List.” This has led to the development of U.S. DOE-
NETL’s Feasibility of Recovering Rare Earth Elements program. The implementation of this
program demonstrates the growing interest of the U.S. to develop potential processes for the
recovery of 90-99 wt% rare earth element oxides.®

! Leal Filho, W., Kotter, R., Ozuyar, P. G., Abubakar, 1. R., Eustachio, J. H. P. P., & Matandirotya, N. R. (2023).
Understanding Rare Earth Elements as Critical Raw Materials. Sustainability, 15(3), 1919.
https://doi.org/10.3390/su15031919

2 Park, S., Tracy, C. L., & Ewing, R. C. (2023). Reimagining US rare earth production: Domestic failures and the
decline of US rare earth production dominance. Resources Policy, 85.
https://doi.org/10.1016/j.resourpol.2023.104022

3 Mining Technology. (2025). China currently controls over 69% of global rare earth production: Competing with
China's low-cost production and established supply chain remains a significant hurdle. https://www.mining-
technology.com/analyst-comment/china-global-rare-earth-production (Accessed May 20, 2025).

4 Park, S., Tracy, C. L., & Ewing, R. C. (2023). Reimagining US rare earth production: Domestic failures and the
decline of US rare earth production dominance. Resources Policy, 85.
https://doi.org/10.1016/j.resourpol.2023.104022

5 Department of Energy. (2024, July). "Notice of Final Determination of 2023 DOE Critical Materials List".



1.2 Summary of Changes to Process Area 03 Partial Conceptual Design

The following design changes were made after a review of the preliminary partial
conceptual design:

Corrected equipment tag numbers in accordance with their defined use cases.

Ion exchange columns were decoupled and given independent sequential logical controllers. A
stand-by step was added to the batch sequence.

Stream tables were corrected.

Equipment layout was updated to adhere to safety standards.

2. Present Situation

The Berkely Pit in Butte, Montana is a former open-pit copper mine and current
Superfund site. AMD formed in the pit due to the natural oxidation of sulfide minerals into
sulfuric acid when exposed to water and air. The acidic waters leach heavy metals from the
surrounding earth into solution, increasing its toxicity. Pit water contains roughly 40 ppm of
REEs.*

Groundwater veins and rainfall supply water to the pit, necessitating constant dewatering
to prevent overflow into the water table and nearby bodies of water.” In 2002, the U.S.
Environmental Protection Agency and state of Montana reached an $87 million settlement with
responsible mining entities for the remediation of the Berkley Pit. Dewatering and AMD
neutralization is currently being carried out by Montana Resources. The Montana Resource has
submitted a $75 million grant proposal to the Department of Defense for the construction of a
REE extraction facility adjacent to the current dewatering & neutralization facility.®

¢ Gammons, C. H., Wood, S. A., Jonas, J. P., & Madison, J. P. (2003). Geochemistry of the rare-earth elements and
uranium in the acidic Berkeley Pit lake, Butte, Montana. Chemical Geology, 198(3—4), 269-288.
https://doi.org/10.1016/S0009-2541(03)00034-2

7 PitWatch. (n.d.). FAQs. https:/pitwatch.org/faqs/ (Accessed June 4, 2025)

8 Robbins, J. (2025, May 13). A toxic pit could be a gold mine for rare-earth elements. The New York Times.
https://www.nytimes.com




3. Scope of Work

This report defines the full scope of chemical engineering work for Process Area 03: REE
Concentration via Ion Exchange, in terms of functionality and safety. All Process Area 03
equipment has been brought to design specifications. Piping and instrumentation diagrams
complete with SLC sequence of events tables, a major equipment layout plan, piping routing
plan, and wastewater flow diagrams have been produced for Process Area 3. The process area
contains an acidic and non-acid wastewater system for planned and potential releases. The major
equipment list and process flow diagram for Process Area 03 have been updated.

4. Overview Description

The following description is based off IO Drawing 00-A-100/1, which displays overall
stream compositions and major reactions.

AMD is transferred from the Berkley Pit at 1,000,000 kg/h. The inlet stream 1 contains
11,000 kg/h of MMCs and 3.7 kg/h of REEs, 990,000 water, 9,000 kg/h of byproduct metals Al,
Zn and Cu. Raw material in stream 2 consists of all the consumable chemicals used in the
process. These are HCI, NaxS, Ca(OH),, oxalic acid, Na,CO3 and NaOH and total 9,800 kg/h.
Stream 3 consists of the incoming air needed to oxidize Fe* to Fe’".

There is a greater partitioning of HREOs than LREOs in the product streams. Stream 7
contains 3.9 kg/h of HREO product. This stream is 97 wt% REOs, and 54 wt% HREOs. Stream
8 contains 1.7 kg/h of LREO product. This stream is 85 wt% REOs and 84 wt% LREOs.

Byproduct metals consist of copper sulfide and zinc sulfide. CuS is produced at rate of 48
kg/h and ZnS at 110 kg/h.

Gas emissions in stream 4 are produced during the calcination of metal oxalates and the
unreacted air from the oxidation of iron at a rate of 5800 kg/h. Solid waste consisting of gypsum
and iron hydroxide is produced at a rate of 5400 kg/h. The waste stream also consists of 46000
kg/h of water.

Process streams references throughout the document have different levels of contaminants.
Major metal contaminants (MMCs) is a catch-all term used to define any non-product/byproduct
ionic species. MMCs consist of Fe?*, Fe’*, Mg?", Ca?* AI**, Mn?*, Na* and trace K™, SiO4* ,
PO4*", Cl" and F-ions. MMC ions participating in key chemical reactions are repartitioned in
stream tables as necessary.



5. General Description

The REE recovery from AMD consists of 5 process areas. In Process Area 01, raw AMD
is neutralized in stages. Purified water is returned to the environment, and a REE-enriched slurry
is produced. In Process Area 02, acid leaching and neutralization operations concentrate REEs in
a neutralized leachate and produce a high-purity aluminum byproduct stream. In Process Area
03, HREEs and LREESs are concentrated and separated via ion exchange. In Process Area 04,
REE:s are precipitated out as oxalates by introducing oxalic acid. This area is also the location for
precipitation of byproduct sulfides with Na>S. The rare earth oxalates (REOx) are then oxidized
in a rotary vacuum kiln in Process Area 05.

5.1 Process Area 03 - lon Exchange via Chelating Resins

The ion exchange process functions on principles of selective adsorption to ion exchange
resins and desorption regulated by acids which regenerate the resin and open adsorption sites for
reuse. Initial concentration, contact time, and pH impact selectivity. At high feed rates, a
component with high initial concentration will be adsorbed. At low feed rates, however,
increased contact time allows for more competition between ions based on selectivity. The pH of
solution impacts the ability of certain ions to adsorb to resin surface. Additionally, the pH can be
used to control the adsorption of desired ions relative to undesired ions.

Different functional groups for resins allow for adsorption of desired high affinity ions.
Di-2-ethyhexyl phosphoric acid (D2EHPA) functional groups have a high affinity for zinc and
trivalent ions. Selectivity is shown as follows: VO*"= UO*" = Fe**> In** > AI** > Pb*" = Zn ">
Ca?*> Cd**= Mn?" > Mg?" >Co **. * Iminodiacetic Acid (IDA) functional groups have high
affinity for copper and trivalent ions, particularly at pH of 3 or lower. At pH ~ 1, the extraction
percentages for REEs and Copper can exceed values of 88%.!° At a pH ~ 2 the resin has very
low affinity for alkali elements.!! The selectivity is shown as follows: Fe*" > Cu** > VO?* >
UO* > Pb** > Ni?" > Zn*" > Cd** > Co*" > Fe?* > Mn?* > Ca?" > Mg?" >>> Na?".!? Resins

° Lewatit. (2024). Lewatit VP OC 1026 Product Information Sheet. https://lanxess.com/en-us/products-and-
brands/products/l/lewatit--vp-oc-1026. Accessed May 2025.

10 Amphlett, J., Sharrad, C., & Ogden, M. D. (2018). Extraction of uranium from non-saline and hypersaline
conditions using iminodiacetic acid chelating resin Purolite S930+. Chemical Engineering Journal, 342, 133-141.
https://doi.org/10.1016/j.cej.2018.01.090

' Xje, Y., Li, M., Liu, K., Xu, F., Wang, X., & Xun, Y. (2022). Removal of Alkali and Alkaline Earth Elements
from Cobalt Solutions Using Iminodiacetic Acid Chelating Resin. SSRN Electronic Journal.

12 Lewatit. (2024). Lewatit TP 207 Product Information Sheet. https://lanxess.com/en-us/products-and-
brands/products/l/lewatit--tp-207. Accessed May 2025.



Lewatit VP OC 1026 and TP 207 have been chosen for their HREE/Zinc and LREE/Copper
selectivity, respectively.

The model for mass balances was based off equilibrium data from studies on the effect of
pH and adsorption for each. A conservative approach was taken and components that did not
adsorb were modeled as 1% adsorbed to resin. The wash step was assumed to rid the entire
column of unabsorbed metallic cations. The elution with HCI was assumed to elute 100% of the
adsorbed ions. Equilibrium data suggests for D2EHPA resin, low pH promotes the selective
extraction of zinc and REEs. Extraction percentages under these conditions for D2EHPA resins
were up to 88% for Zinc and 90% for certain REEs based on data from recent studies.!*>!* On the
other hand, IDA resins are highly selective for Fe3" and Cu®* at a pH of 3 and lower.'> Extraction
percentages for IDA resins at low pH values were up to 90% and 99% for copper and REEs,
respectively. '

A general description of ion exchange operations is shown in Drawing: 03-A-200/1.

Two separation unit operations in series are utilized to selectively adsorb desired feed
components. Stream 21 from acid leaching, process area 2, is rich in desired components (zinc,
copper, HREEs, & LREEs) and has an incoming pH ~ 3. Zinc and HREEs are adsorbed by the
D2EHPA resin in separator #6. The effluent, stream 26, is sent from separator #6 to separator #7
(IDA resin) to adsorb the remaining REEs, copper, and zinc ions that were not adsorbed in
separator #6. The residual fluid in separator #6 is washed with deionized water, stream 23 to rid
the system of contaminants. Separator #7 is washed with deionized water in stream 33. The
discarded residual fluid leaves as stream #24, and stream #36 for separator #8, and goes to waste
storage for disposal. 10 wt% HCl is fed in stream 22 to separator #7, and in stream 34 to
separator #8, to regenerate the resins via elution. Resins are regenerated by the displacement of
adsorbed ions by hydrogen ions (H") of the regenerating acid. The pH of the resin bed
decreases and this causes decreased retention of adsorbed ions. The eluent from separator #7
is concentrated zinc & HREESs and exits as stream 25 and is sent to process area 4. The eluent

3Cortina, J. L. (2021). Valorisation options for Zn and Cu recovery from metal influenced acid mine waters through
selective precipitation and ion-exchange processes: promotion of on-site/off-site management options. Journal of
environmental management, 283, 112004. https://doi.org/10.1016/j.jenvman.2021.112004

14 Hermassi, M. & Granados, Mercé & Valderrama, César & Ayora, C. & Cortina, Jose. (2021). Recovery of Rare
Earth Elements from Acidic Mine Waters by integration of a Selective Chelating lon-Exchanger and a Solvent
Impregnated Resin. Journal of Environmental Chemical Engineering. 9. 105906. 10.1016/j.jece.2021.105906.

15 Lenntech. (2020). AMBERLITE IRC 748, Industrial Grade Chelating Resin for Metals Removal.
https://www.lenntech.com/Data-sheets/Rohm-&-Haas-Amberlite-IRC-748-L.pdf

16 Roa, A., Lopez, J., & Cortina, J. L. (2024). Selective separation of light and heavy rare earth elements from acidic
mine waters by integration of chelating ion exchange and ligand impregnated resin. The Science of the Total
Environment, 954, 176700. https://doi.org/10.1016/j.scitotenv.2024.176700
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from separator #8 is concentrated copper & LREEs and exits as stream 37 and is sent to process
area 4.

6. Detailed Description of Process Area 03: REE Concentration via Ion Exchange

Shown in Drawing 03-A-300/1, IX column D-301A/B separates zinc and HREE uses the
selective adsorption properties of D2EHPA resin. Stream 31 from F-203 comes in at a pH ~ 3
and 290 kPa to overcome pressure drop from inlet piping, sprayer/nozzles, and liquid head
pressure. The effluent (lean leachate) from D-301 as stream 32 is at a pressure 150 kPa and
enters D-302, the pH control tank, to maintain a steady incoming pH of 2.5 to D-303A/B. The
lean leachate exits the pH control tank (F-302) as stream 36 where L-301A/B increases the
pressure to overcome the pressure drop associated with D-303A/B inlet piping, sprayers/nozzles,
and liquid head pressure. The effluent (depleted leachate) from F-303A/B is stream 39, which
goes to pump L-303A/B where the pressure is increased to 250 kPa and is sent to wastewater
storage/treatment.

Streams 33 and 40 are deionized water streams from storage. The incoming pressure is
290 kPa to overcome pressure drop of the IX columns D-301A/B and D-303A/B, respectively.
The DI water and contaminants exit the IX columns in stream 34 and stream 39, respectively. L-
302A/B increases the pressure of stream 34 to 250 kPa and L-303 A/B increases the pressure of
stream 39 to 250 kPa. Both DI wash discharge streams are sent to wastewater treatment/storage.

Streams 35 and 42 are 10 wt% HCI streams from chemical storage and have an incoming
pressure of 290 kPa to overcome pressure drop of the IX columns D-301A/B and D-303A/B,
respectively. The eluent from D-301A/B exits the column bottom as stream 38 and the pressure
is increased to 250 kPa. The eluent from D-303A/B exits the column bottom as stream 43 and the
pressure is increased to 250 kPa. Pump L-302A/B sends stream 38 to R-401 for oxalate
precipitation and zinc sulfide formation in process area 04 (DWG #: 04-A-200/1). Pump L-
303A/B sends stream 43 to reactor R-403 for oxalate precipitation and copper sulfide formation
in process area 04 (DWG #: 04-A-200/2).

D-301A/B and D-303A/B operate in a semi-batch process sequence. While D-301A and
D-303A are in the adsorption phase (Step #1), D-301B and D-303B are undergoing the DI wash
and resin regeneration phases (Step #2 & Step #3). This allows for continuous operation.

In Drawing 03-A-300/2 the semi-batch operation is shown and is sequenced as follows:



1.

Step 1 (Adsorb): Leaching from F-203 in 02-A-300/2 comes into D-301A in stream 31 at
a flowrate of 3.2 BV/hr (1 BV ~ 4500 L). The inlet pressure of 290 kPa allows for
stream 31 to overcome pressure drop associated with the column. As the fluid runs
through the resin bed Zn and HREEs are adsorbed onto the functional group of the resin
(D2EHPA). The effluent exits the column bottom in stream 32 at a pressure of 190 kPa
and enters F-302 for pH adjustment.

Step 2 (Wash): Deionized water is pumped into D-301A in stream 33 at a flow rate of
3.2 BV/hr from storage at a pressure of 290 kPa. The residual fluid, deionized water, and
contaminant metals (MMC) exit the column bottom in stream 34 at a pressure of 100
kPa. All contaminants are discarded in the wash phase.

Step 3 (Regenerate): 10 wt% HCI from product storage enters D-301A in stream 35 for
4.5 hours at a pressure of 290 kPa. The outlet stream 36 is rich with Zn and HREEs.
Stream 36 is routed by L-302A/B to R-401 for oxalate precipitation (DWG #: 04-A-
400/1).

Drawing 02-A-300/3 shows the batch operation for the separation of components in

stream 36, the effluent from Step 1 of IX column D-301A that has been adjusted to a pH ~ 2.5.
Stream 36 is rich in copper, zinc and remaining REEs, primarily LREEs. In order to collect
copper and LREEs, stream 36 is fed to IDA chelating resin IX column (D-303A/B).

The semi-batch operation for D-303A/B is sequenced as follows:

1.

Step 1 (Adsorb): Stream 36, lean leachate from F-302, enters column D-303A at a flow
rate of 3.2 BV/h (1 BV ~ 4500 L). The inlet pressure of stream 36 is 290 kPa to
overcome any pressure drop associated with the column (piping, nozzles, liquid head).
During this time, the copper and LREESs are adsorbed onto the column. Stream 39, the
depleted leachate, exits the column where pump L-303A/B increases the pressure to 250
kPa and is sent to wastewater treatment/storage.

Step 2 (Wash): Deionized water in stream 40 enters the D-303A at a pressure of 290 kPa
and a flow rate of 3.2 BV/hr. The residual fluid, contaminants (MMC) and DI water exit
the column bottom in stream 41 at a pressure of 190 kPa. Pump L-303A/B increases the
pressure to 250 kPa where it is sent to wastewater storage.

Step 3 (Regenerate): 10 wt% HCl is sent to the D-303A at 3.2 BV/h in stream 42. The
inlet pressure is 290 kPa. The copper and LREE rich outlet, stream 43, is pumped by L-
303A/B to increase the pressure to 290 kPa. Stream 43 is sent to R-403 for oxalate
precipitation (DWG #: 04-A-300/2).




7. Plot Plans

7.1 Overall Facility Layout Diagram

Drawing 00-A-500 shows the overall facility layout diagram. The drawing shows the
areas for all five process areas for REE recovery as well as administration, security, utilities, fire
water system, maintenance, laboratory, wastewater treatment and storage, chemical storage, and
a loading and unloading area. The diagram shows exterior fencing, pipe ways, peninsular pipe
racks, security gates and roadways.

The prevailing wind direction in Montana is to East!”, so the security and administration
buildings are southeast of the process areas. Process areas are located closer to chemical storage
on the east end of the plant. Wastewater treatment has the potential to be odorous, so this was
placed on the west end of the plant. Major processes that are more at risk for chemical releases
are to the north of maintenance and laboratory. This ensures that personnel are protected in the
case of chemical releases.

The entire facility is located within a fence line for increased security. Security gates are
installed at every roadway entrance to allow access to vehicles, visitors, employees, and other
stakeholders. The unloading and loading area is separated with its own fencing to prevent any
outside access in the processing areas. The main gate is located on the south side of the plant
between administration. Security will allow access to the inner road through the main gate, to
ensure visitors have the proper authorization to enter the site. Roadways are still accessible in all
cardinal directions for ease of traffic. Rooms for expansion have been included in this general
layout diagram.

7.2 Process Area 03 Major Equipment Layout Diagram

Drawing 03-A-351 shows the major equipment in Process Area 3, including 4 ion
exchange columns (F-301 A/B and F-303 A/B), a pH control tank (F-302), and 3 pump sets
(L-301 A/B, L-302 A/B, and L-303 A/B). The equipment is arranged around the 8m by 16m
peninsular pipe rack with pillars placed every 4 meters around the perimeter of the pipe rack
which supports the piping. Equipment was spaced to allow for easy access and escape routes in
the case of an emergency with at least 2 meters between pieces of equipment. All equipment on

17 Western Regional Climate Center. "Prevailing Wind Direction." Western Regional Climate Center, 2025,
https://wrcc.dri.edu/Climate/comp_table show.php?stype=wind_dir_avg. Accessed 1 June 2025.
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the diagram is shown to scale with pertinent equipment information located at the top of the
drawing. Orientation with prevailing wind direction and scale are given in the notes.

7.3 Process Area 03 Pipe Routing Diagram

Drawing 03-A-352 consists of 3 sheets which display pipe routing for the major
equipment in Process Area 3, the peninsular pipe rack, and control valves. The sheets are split by
level: level 0 (sheet 1, 0-7m above ground), and level 1 (sheet 2, 7-10m).

Piping is not placed on Level 0. It includes the location of equipment, pillars, valves
placed on the pillars, the battery limit, connections in/out of equipment with vertical orientation,
and the battery valve legend (displaying what each pipe carries). The main pipe rack is shown on
Level 1; this includes 4 flows into the diagram and 4 flows out of the diagram, utilizing each
piece of equipment. Level 2 includes compressed air blowdown into the 4 IX columns that is
used when the ion exchange resins are changed out.

7.4 Process Area 03 Utility Flow Diagrams

Drawing 03-U-353 consists of two pages showing acidic wastewater flow and non-acidic
wastewater flow, respectively in Process Area 3. These have been produced as Utility Flow
Diagrams as Process Area 3 does not utilize typical utilities (cooling water/steam). The supply
and outlet of these process fluids are shown on the drawings as well as all relevant equipment
and valves for safety/emergency situations. The drawings are not to scale and represent
equipment as rectangles with their equipment number and location on the P&IDs listed on the
rectangle. Connections to equipment do not represent their location on the actual equipment.
Routing for these systems can also be found on Piping Diagram 03-A-352 and controls are on
P&ID 03-A-400.

8. Process Area 03 Piping & Instrumentation Diagrams

Piping and Instrumentation Diagrams for Process Area 03 are given in P&ID Drawing
03-A-400. All process area equipment, relief valve piping, isolation valving and flanges, drains

10



and vents, remotely operated block valves, control valves and associated instrumentation are
shown. Equipment is specified with design parameters in drawing banners.

D-301A/B are fixed-bed IX columns. As such, all feeds are sent to the top of the

column.'®

9. Process Area 03 Automation Facilities

The following sections describe the semi-batch sequence, regulatory and regulatory
safety controls of Process Area 03: REE Concentration via lon Exchange. The objective of
Process Area 03 is to partition and concentrate REEs into separate HREE and LREE streams
prior to their selective precipitation in Process Area 04. Byproduct Zn is carried in the HREE
stream and Cu in the LREE stream. P&ID Drawing 03-A-400 shows all process area equipment
and instrumentation required to achieve this objective while meeting safety requirements and
minimizing hazardous wastewater streams.

9.1 SLC-301 through SLC-304: Semi-Batch Sequence of Process Area 03

Each IX column in Process Area 3 is controlled by an independent sequential logical
controller (SLC). SLCs control the state of column within its batch sequence by setting the
position of motor block valves (MVs) located on the feed and discharge manifolds of each
column.

SL.C-301 and SLC-302 control the semi-batch sequences of D2EHPA IX columns D-
301A and D-301B and can be found on sheets 1 and 2 03-A-400, respectively. SLC-303 and
SL.C-304 control the semi-batch sequences of IDA IX columns D-303A and D-303B and can be
found on sheets 4 and 5 03-A-400, respectively.

Each IX column cycles through four steps: adsorption, wash, regeneration and stand-by.
Discharge streams of duplicate columns are sent to shared piping. Termination condition
instrumentation is located on shared piping. SLC-301 and SLC 302 therefore share the same
termination criteria, however they are sequenced out of step. Step 1 of SLC-301 is adsorption
while Step 1 of SLC-302 is wash. The same applies to SLC-303 and SLC-304. The following

18 Seames, W. (2025, June 12). Partial Conceptual Design Review Meeting [Personal communication]
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sections describe the termination conditions for adsorption, wash, regeneration and stand-by
steps.

9.1.1 Adsorption Cycle Termination Conditions: The termination condition for the
adsorption step is that the target metals in the discharge of the column have reached their
breakthrough concentration. The target metals for D-301A/B are HREEs and Zn. The
concentration of Zn is 90 times that of HREE, therefore its measurement is most reliable, and it
is considered an adequate proxy measurement for HREEs. Zn concentration is measured
indirectly through voltametric sensor AE-319. AI-319 interprets the voltametric signal from AE-
319 and registers the breakthrough (BT) concentration of Zn. The termination condition for the
adsorption step of D-301A/B is AI-319 > AI-319grT.

The target metals for D-303A/B are LREE and Cu. The concentration of Cu is 80 times
that of LREE, therefore its measurement is most reliable, and it is considered an adequate proxy
measurement for LREEs. Cu concentration is measured indirectly through voltametric sensor
AE-339. AI-339 interprets the voltametric signal from AE-319 and registers the breakthrough
concentration of Cu. The termination condition for the adsorption step of D-303A/B is AI-339 >
AI-339gT.

9.1.2 Wash Cycle Termination Conditions: The termination condition for the wash step is
that any fouling solids deposited in the resin bed during the adsorption cycle have been removed.
Total suspended solids (TSS) concentration in the wash discharge streams for D-301A/B is
measured indirectly through nephelometric sensor AE-318 (sheet 2). A measurement in
nephelometric turbidity units (NTUs) is sent to AI-318 which compares this against a setpoint
correlated to a threshold TSS concentration. When the TSS concentration is below the threshold
value, the wash cycle is complete. SLC-301 and SLC-302 terminate their wash steps if AI-318 <
AlI-318mn.

The wash cycle termination condition for D-303A/B is determined by AI-340 (sheet 5).
AI-340 receives an NTU signal from AE-340. SLC-303 and SLC-304 terminate their wash steps
if AI-340 < AI-340MmN.

9.1.3 Regeneration Cycle Termination Conditions: Regeneration cycles terminate when
all adsorbed species have been stripped from the IX resins. In D-301A/B, metal concentration is
measured indirectly through voltametric sensor AE-320 (sheet 2). AI-320 compares the
voltametric signal from AE-320 against a setpoint correlated to threshold metal concentration.
When the total metal concentration is below the threshold value, the regeneration cycle is
complete. SLC-301 and SLC-302 terminate their regeneration steps if AI-320 < AI-320m.
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The regeneration cycle termination condition for D-303A/B is determined by AI-342
(sheet 5). AI-342 receives a voltametric signal from AE-342. SLC-303 and SLC-304 terminate
their regeneration steps if Al-342 < AI-342un."°

9.1.4 Stand-by Mode Termination Conditions: The purpose of the stand-by mode is to
ensure that exactly one of the D-301A/B columns, and exactly one of the D-303A/B columns, is
in an adsorption cycle at any given time. This allows Process Area 03 to continuously accept
leachate from Process Area 2, and to continuously discharge pregnant HCI solution to Process
Area 04. All columns go into stand-by mode prior to beginning an absorption cycle. The
termination condition for stand-by mode is that the duplicate column has completed its
adsorption cycle. In other words, the termination condition for D-301A stand-by is that the D-
301B adsorption cycle termination condition has been met. Lean leachate discharges from D-
301A and D-301B combine prior to AE-319 (sheet 1), therefore the standy-by termination
condition for D-301A and D-301B are the same: AI-319 > AI-319min. Depleted leachate
discharges from D-303A/B likewise combine prior to AE-339 (sheet 4). The stand-by
termination condition in both D-303A and D-303B is AI-339 > AI-339m.

9.2 Regulatory Controls of Process Area 03

Regulatory controls maintain optimal system operation within each of the batch steps
discussed above. While the motor valves controlled by the SL.Cs open and close discretely, the
control valves in the following control schemes are throttled between opened and closed
positions. Fixed resin beds are not operated at full flow, therefore variable fluid level within the
columns arise. The objective of the following control schemes is to control fluid residence time
within the packed portion of the columns.

The following sections describe the regulatory control loops for each piece of major
equipment during the adsorption, wash, and regeneration steps.

19 Any positive non-zero termination concentration leads to an accumulation of adsorbed species in the IX resins
over repeated cycles. 20% excess resin (see Section 6) extends operation time in between resin swaps due to
unpreventable fouling, however some fouling may be prevented by regularly scheduled intensive (e.g. longer acid
residence time) regeneration cycles.
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9.2.1 Regulatory Control Scheme of D2EHPA IX Columns D-301A4/B

The regulatory controls for D-301A/B are shown in Sheets 1 and 2 of 03-A-400,
respectively. The control loops active in each step are as follows:

D-301A Adsorption Step (Sheet 1): Leachate passes through the open MV-303. The
flowrate is measured by FE-313, which sends a feedback signal to FC-313. FC-313 throttles
FCV-311 opened and closed to converge on the flowrate setpoint. LE-317 measures the leachate
level in D-301A above the fixed resin bed and sends this reading to LC-317. LC-317 throttles
FCV-317 opened and closed to converge on the level setpoint. After passing through FCV-317,
leachate is discharged through the open MV-311. AE-321 measures the pH of the lean leachate
and sends this reading to AC-321. AC-321 sends a feed-forward signal to XC-321 on sheet 3.
After passing through AE-321, the lean leachate is discharged to pH control tank F-302 on sheet
3.

D-301B Adsorption Step (Sheet 2): Leachate branches from the common supply header
on sheet 1 and passes through the open MV-304 on sheet 2. The flowrate is measured by FE-312,
which sends a feedback signal to FC-312. FC-312 throttles FCV-312 opened and closed to
converge on the flowrate setpoint. LE-316 measures the leachate level in D-301B above the
fixed resin bed and sends this reading to LC-316. LC-316 throttles FCV-316 opened and closed
to converge on the level setpoint. After passing through FCV-316, lean leachate is discharged
through the open MV-312 and sent to the shared piping of the lean leachate discharge of D-301A
on sheet 1.

D-301A Wash Step (Sheet 1): The flow of deionized water to D-301A is opened by MV-
301. Its flowrate is measured by FE-311, which sends a feedback signal to FC-311. FC-311
throttles FCV-311 opened and closed to converge on the flowrate setpoint. LE-317 measures the
deionized water level in D-301A above the fixed resin bed and sends this reading to LC-317.
LC-317 throttles FCV-317 opened and closed to converge on the level setpoint. After passing
through FCV-317, deionized water is discharged through the open MV-307 and sent to the
shared piping for deionized water discharge of D-301B on sheet 2.

D-301B Wash Step (Sheet 2): Deionized water branches from the common supply header
on sheet 1. The flow of deionized water to D-301B is opened by MV-302. Its flowrate is
measured by FE-310, which sends a feedback signal to FC-310. FC-310 throttles FCV-310
opened and closed to converge on the flowrate setpoint. LE-316 measures the deionized water
level in D-301B above the fixed resin bed and sends this reading to LC-316. L.C-316 throttles
FCV-316 opened and closed to converge on the level setpoint. After passing through FCV-316,
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deionized water is discharged through the open MV-308 and sent to the non-acidic wastewater
header.

D-301A Regeneration Step (Sheet 1): The flow of HCI to D-301A is opened by MV-305.
Its flowrate is measured by FE-315, which sends a feedback signal to FC-315. FC-315 throttles
FCV-315 opened and closed to converge on the flowrate setpoint. LE-317 measures the HCI
level in D-301A above the fixed resin bed and sends this reading to LC-317. LC-317 throttles
FCV-317 opened and closed to converge on the level setpoint. After passing through FCV-317,
HCl is discharged through the open MV-309 and sent to the shared piping for HCI discharge of
D-301B on sheet 2.

D-301B Regeneration Step (Sheet 2): HCI branches from the common supply header on
sheet 1. The flow of HCI to D-301B is opened by MV-306. Its flowrate is measured by FE-314,
which sends a feedback signal to FC-314. FC-314 throttles FCV-314 opened and closed to
converge on the flowrate setpoint. LE-316 measures the HCI level in D-301B above the fixed
resin bed and sends this reading to LC-316. LC-316 throttles FCV-316 opened and closed to
converge on the level setpoint. After passing through FCV-316, HCl is discharged through the
open MV-310 and sent to Process Area 04.

9.2.2 Regulatory Control Scheme of pH Control Vessel F-302 pH and Pumps L-3014/B

The regulatory controls for F-302 and L-301A/B are shown in Drawing 03-A-400/3. The
objective of F-302 controls is to maintain a pH of 3 in the lean leachate fed to IDA IX columns
D-303A/B. Adsorption in the D2EHPA columns D-301A/B leads to falling pH in discharged
lean leachate as protons are rejected from the anionic sites in the resin. The addition of NaCO3
to F-302 counteracts this to bring lean leachate to optimal pH for selective adsorption in the IDA

columns D-303A/B.

Lean leachate is fed to F-302 through the lean leachate discharge header on sheet 1. The
pH is measured at the discharge port of F-302 by AE-322 and the reading is sent to AC-322.
AC-322 sends a feedback signal to XC-322, which combines this signal with the feed forward
signal from AC-321 on sheet 1. XC-322 anticipates the disturbance to the outlet pH and sends
the appropriate signal to FC-322. FC-322 adjusts the flow of NaCO3 to F-302 by opening and
closing FCV-322.
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L-301A/B are fixed speed pumps that send lean leachate from F-302 to D-303A/B. L-
301A is the online pump and L-301B the installed spare. The pumps are brought online by in-
field hand switches.

9.2.3 Regulatory Control Scheme of IDA IX Columns D-3034/B

The regulatory controls for D-303A/B are shown in Sheets 4 and 5 of 03-A-400,
respectively. D-303A/B are fixed-bed IX columns like D-301A/B, and their control schemes are
equivalent. Feedback flow and level control loops maintain optimum leachate residence time
within the packed portions of the D-303A/B. All instrumentation is located in the equivalent
locations on D-303A/B. The branching of supply and discharge headers are highlighted below.

Lean leachate is sent from F-302 to on Sheet 3 to a common lean leachate supply header
that branches on sheet 4 to D-303A and D-303B. Depleted leachate from both columns is routed
to shared discharge piping on Sheet 4, where it is sent to the acidic wastewater header.

Deionized water is sent from sheet 2 to a common deionized water supply header that
branches on sheet 3 to D-303A and D-303B. Discharged deionized water from both columns is
routed to shared discharge piping on sheet 5, where it is sent to the non-acidic wastewater
header.

HCl is sent from sheet 2 to a common HCI supply header that branches on sheet 3 to D-
303A and D-303B. Discharged HCI from both columns is routed to shared discharge piping on
sheet 5, where it is sent to the acidic wastewater header.

9.3. Regulatory Safety Controls of Process Area 03

Regulatory safety controls register alarm conditions in the DCS for corrective operator
actions and include automated corrective actions should high-high or low-low alarm conditions
arise. High alarm sensors and indicators are omitted from 03-A-400. Control valves involved in
the regulatory safety control loops are designated as air fail open (AFO) or air fail closed (AFC),
which describes what position the valve will move to if instrument air is blocked off. Instrument
air is blocked off by solenoid valves (ZV) in the event of high-high or low-low alarm conditions.
AFOQ valves are forward-acting and move to the open position in the event of instrument air loss.
AFC valves are reverse-acting and move to the closed position in the event of instrument air loss.
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Control valves not involved in regulatory safety control loops will be designated as AFO or AFC
in a forthcoming HAZOP analysis.

9.3.1 Regulatory Safety Controls of F-302 pH Control Vessel and Pumps L-3014/B

The regulatory safety controls for F-302 and L.-301A/B are shown on sheet 3 of 03-A-
400. The safety control scheme has three objectives: prevent overflow of lean leachate F-302,
prevent damage to L-301A/B due to low lean leachate level in F-302, and prevent discharge of
NaCO3 to the acid wastewater system.

Objective 1: Prevent Overflow of F-302: LE-364 records tank level in the upper part of
F-302 and sends a reading to LAHH-364. Should the level exceed the alarm setpoint,
LAHH-364 opens MV-364 and discharges lean leachate to the acid wastewater header.

Objective 2: Prevent Cavitation of .-301A/B: LE-365 records tank level in the lower part
of F-302 and sends a reading to LALL-365. Should the level fall below the alarm
setpoint, LALL-365 opens MV-365, which opens the discharge of L-301A/B to a return
line to F-302. The safety control loop serves a minimum flow recycle for L-301A/B. F-
302 is a covered tank, however it is not sealed. Should level fall below the discharge port
of F-302, L-301A/B would draw in air and cavitate

Objective 3: Prevent Discharge of NaCOs to the Acidic Wastewater System: LE-366
records tank level at the same height as LE-364. Should F-302 discharge to the acidic
wastewater system, LAHH-366 will activate ZV-366 on FCV-322. This prevents
discharging base to the acidic wastewater system, which could lead to precipitation and

compromise the system.

10. Anticipating System Upsets

Exactly one of D-301A/B and one of D-303A/B must be in an adsorption cycle at any
given time for Process Area 04 to function continuously. The termination condition for the
stand-by step of each column forces this to be true, but it does not guarantee that leachate passes
through the IX columns of Process Area 3 at the same rate at which it is generated in Process
Area 2. As resin beds become fouled, breakthroughs will occur under less volume of feed, and
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the absorption steps will end more quickly. The account for this, 20% excess of resin is used in
all columns.

Flow totalizers at the inlet to each column track the performance of the IX columns
overtime by recording the total volume fed for each cycle. Low volume adsorption cycles as
well as high volume regeneration and wash cycles indicate resin fouling. Trending flow totalizer
values allows for proactive planned maintenance, be it intensive resin regeneration cycles or
resin swap out. Departure from trend performance may indicate upstream problems, for example
leachate with higher concentrations of competing contaminant ions is being fed due to problems
in Process Area 02.

Should the D2EHPA IX columns D-301A/B and IDA IX columns D-303A/B foul at
different rates, there may be an accumulation or decumulation of lean leachate in pH control
vessel F-302. Maintaining a large volume of lean leachate within F-302, while also maintaining
ample space for accumulation, can overcome these dynamics.
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Table 1. Process Area 03 Major Equipment List

Equipment
Number

Equipment

Name/Description

Equipment Specifications

D-301 A/B

D2EHPA
Ion Exchange
Column

Total Volume = 4.9 m?

Diameter=1.0 m

Height = 6.2 m

Volumetric Flow Rate = 15.4 m°/h

Inlet Pressure = 310 kPa

Outlet Pressure = 203 kPa

Temperature = 22 C

Resin Amount = 5,000 kg

Pressure Drop = 107 kPa

MOC = Nickel Clad onto Carbon Steel

Fluid Components = REE, MMCs, Water, HCI1

D-303 A/B

IDA
Ion Exchange
Column

Total Volume = 4.9 m?

Diameter= 1.0 m

Height =6.2 m

Volumetric Flow Rate = 15.4 m3/h

Inlet Pressure = 310 kPa

Outlet Pressure = 203 kPa

Temperature = 22 C

Resin Amount = 5,000 kg

Pressure Drop = 107 kPa

MOC = Nickel Clad onto Carbon Steel

Fluid Components = REE, MMCs, Water, HCI

F-302

Lean Leachate pH

Control Tank

Height =2.0 m

Diameter =3.0 m

Temperature = 22 C

Pressure = 165 kPa

MOC = Nickel Clad onto Carbon Steel
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Table 1. Process Area 03 Major Equipment List (Continued)

Equipment
Number

Equipment
Name/Description

Equipment Specifications

L-301 A/B

F-301 Lean
Leachate Pump

Power=1.0 kW

Volumetric Flow Rate = 15.4 m*/h

Inlet Pressure = 161 kPa

Outlet Pressure = 375 kPa

Temperature = 22 C

MOC = Alloy 20

Fluid Components = REE, MMCs, Water, HCI

L-302 A/B

D2EHPA Discharge
Pump

Power = 0.44 kW

Volumetric Flow Rate = 15.4 m?/h

Inlet Pressure = 203 kPa

Outlet Pressure =270 kPa

Temperature = 22 C

MOC = Alloy 20

Fluid Components = REE, MMCs, Water, HCI1

L-303 A/B

IDA Discharge
Pump

Power = 0.44 kW

Volumetric Flow Rate = 15.4 m?/h

Inlet Pressure = 203 kPa

Outlet Pressure = 270 kPa

Temperature =22 C

MOC = Alloy 20

Fluid Components = REE, MMCs, Water, HCI

20




oo $T-80-50
0 1/001-v-00 | ST
AN #1994S /# OMA Aeq/ig
NV Wol Y Jo

uonjeredog o3ueyox5 Uo[

IMPLL

wessenq O/

ad£ ], Summeaq

00¢-V-10 :ddd
00¢-v-00 -dd4d

SSUIMBI(] UIYY
UOTEULIOJu]
ndino/ndug Au

JoquINN] weang Av

ameudwWoN / sjoquAg [e1adg

"9PIXO [1Ied d1ex
1431 %14 p§ PUB ‘IPIXO YhIed
QI 94)M G8 ST § WeANS 9

*OPIXO [)IB ATBI AABIY
91/ $G PUR OPTXO [)I8d
QIB1 95)M [ G ST /, WBANS °G

suot

-1 Pue - “ -€v0d -7 QIS
“+3] 9081 “+BN ‘+73IN
‘+7eD ¢ +Z3A JO 1S1SU0D
3517 Juduodwod ut SHININ "

PIOY OI[eX( pue ‘STEN
‘T(HO)®D ‘HO®N ‘YOSTH
‘TOH ‘€ODBN JO ISISU00 Js1|
siuauodwod ut seorway)) ¢

saIn3 1y JuedIUSIS OM]
0} PapunoI Ik SARI MO T

IU/SY UT ATk ST MO[] ‘|
$9JON.

I9)e A\ PIjRAI],

OdY'1

OH¥H

S[EIRN
jonpoidAg

[1] (®9)e(HO)2 AT (be) — (HO)E + (be)+a -

sen) an,|

000086 | L'T 6¢ 091 00095 008S 0086 008S 0000001 Iejo],
0 L1 0 0 0 0 0 0 0 OMIT
0 0 6¢ 0 0 0 0 0 0 OFIH
0 0 0 8¥ 0 0 0 0 0 SnD
0 0 0 011 0 0 0 0 0 Suz
'l 0 0 0 [ 0 0 0 L'E EER
4! 0 0 0 00¥S 0 0 0 0 ~ s3unel
00¥%S 0 0 0 00LE 0 0 0 0000T ONIA
0¢ 0 0 0 ST 0 0 0 ovl )
4 0 0 0 [ 0 0 0 0€C LU
96 0 0 0 91 0 0 0 06T Vv
09¢ 0 0 0 3 0 0 0 0€9 U7
€1 0 0 0 110°0 0 0 0 0C8 +¢9d /+9d
0000L6 |0 0 0 0009¥ 61 0 0 000066 OH
€1 0 0 0 1L0°0 008S 0 008S 9 sasen)
0 0 0 0 08 0 0086 0 0 Soseq 7 SPOY
6 [ L 9 S v € 4 wedns/puduoduro)
[BLISBIA AISBA A S
[11]1 (%009 + ($)0-ONIN
6 & (B)0Y1 + (PO D) ONN
[01] B)700T1 +(8)*0™AUT & “O€ +(¥OD)IHAAIT | ; 1y
[6] (s)snD « (be)_S +(be) nD
8 [8] (s)Suz « (be)__S +(be), uz
[L] (9)(*0%0)2 0NN « (be)_FOtDO€ +(be), DININT
[9] (s):(*0%D)*aY « (be)_*0O¢ +(be), AaMT ¢ S[ELIONRIN MEY
f [s] (S)ozHX- 01(HO)NFOSIWIV «—(be)-HOO 1+(be)
—7rOS+be)+€Ivy -
[¥] (s) €(HONV+(be) —-HOT+(be)+€1Y - 7 I aeurelq SUI POV
[€] (s) Z(HO)uN—(be)-HOT+H(bE)+ZUIN -
9 [c] (s) OTHT vOSED «—(be) —zyOs+(be)+zeD -

1c



0 1/00z-v-g0 | SO0

ao
AN #199US /# DMA Aeq/ig
ANV wolp g9y
Jo uoneredag aSurydxy uo|
ML
wesSerq mo[ 3oo[g
adLy Sumerq

005-V-00 101d

00€-V-10 A:Ad

001-V-00 O/1
STUIMBI(] IUIIY

uorjewIoju|

ndino/ndug Au

JoquINN] weang Av

anjepud WOy / sjoquAg [eradg

uoneredas g1
pue soddo) — 7 1ojeredsg ¢

uoneredos gYH
pue durz — g Jojeredog ‘7

9[eds 0) Jou Sumel(J ‘|

$9JON

{ BAIY SS90014 O],

00°000°%1 [00°000°SZ [00°0ST  [00°000°ST [00°000°FT [00°000°FT [00°000°FT [00°000°6Z [00°000°FT [00°000°ST [00°000°ST [EI0L
000+1 0 011 00071 000+1 000+1 000+1 0006C 000+1 000T1 000+1 OTH
06T 06T 0 0 0 067 06T 0 0 0 06 rOS
S0 0 0 0 0 S0 950 970 0 0 860 AT
610 0 0 0 0 610 1 St°0 0 0 LJ IIH
8T 0 0 0 0 87T 8T €€ 0 0 0€€ JININ
LE 0 0 0 0 LE 850 9T 0 0 8¢ <D
1T 0 0 0 0 154 €6 [44 0 0 €6 «<UZ
0 0 0 000€ 0 0 0 0 0 000€ 0 IDH
LE 9¢ € 143 €€ 97 ST vl €7 (44 1< weays / jusuoduo)
oIy $S9001d O
L# Jojeredog .|T o Jojeredog

&

<
&

% BAIY SS9001J WOI]

£C

[44



vec $T-80-50
0 1/00e-v-c0 | SR
AN #199US /# DMA Aeq/ig

a8ueyoxq uo[
BIA ST JO UOTIBIIUOUO))

dWLL

wesSerq Mo[, ssed01d
dL ], Sumeaq

weiderq mof Joo[g
werserq o/

STUIMBI(] IUIIYY

(paxTu) eqY aImssaIg

(paxtw) ), damesadwia],
(pr10s) eqy dmssa1g
(p108) O, drmErddwO L,

(pmbry) egy 21nssa1g
(pmnbrp) O, dmeraduey,

(sed) egy amssorg
(sed) D, amperddwa],

Joquiny weang

| oW B e

mdino/nduy

ameudwWoN / sjoquAg [e1adg

““SO[OAD Ysem Ul PIAOWIAI
9,001 9[040 uondiospe 10e
spaq ur pmbiy [enpisar o401 ‘01
‘ysem £q poAOWAL [[B Jey) pue
Poq uIsaI Ul SAE)S SIY} JO 906
awmnssy ‘s3urfre} papuadsns
041 SUTBIUOD ¢ Wean§ ‘6
ONIN Ut

padnoi3 /¢ weans woij +eN ‘g
£/00€-V-£0

2905 ¢0g- Jo sdays yoyeq 10,y L
7/00€-V-£0

90s 10¢-4 Jo sdojs yoyeq 104 ‘9
. . +~,®Z »+u:§ h.‘.m?w h.‘.NﬂU
1O 1D JO SISISU0d DININ 'S
/3 ur aIe S9[qe) Weans ‘¢
Surpunor 0y anp

doueleq jou Aew sweang ¢

o[eos 01 Jou SuImer( ‘|
S9)ON

000%1 0001 000F1 000F1 000F1 000%1 0S1 000°S1 000°S1 000F1 000F1 0001 000F1 [exoL
00071 000C1 000¥1 000¥1 000€1 000¥1 011 000¥1 000C1 000¥1 0001 000€1 000€1 OCH
0 0 133 0 133 0 0 0L 0 0L 0 0L o1 ssuie],
0 0 0 0 0 0 0 0 0 0 0 0 0 10
0 0 0 06C 0 0 06C 06C 0 0 06C 06C yOS
S0 0 w@o 0 7100 950 0 850 0 9C0 0 90 86°0 AT
61°0 0 7800 0 S00°0 1 0 1 0 544 0 L10 'l HTIH
8°C 0 53 0 0LC 8°C 0 00€ 0 33 0 00€ 0€€ ONIN
0 0 [«4 0 0c 0 0 @ 0 0 0 0 0 €00
LE 0 0 L1 81 850 0 850 0 9 0 53 8¢ D
1c 0 £€6°0 0 VL £6 0 £6 0 [44 0 €6 €6 +UZ
0 0 0 0 0 0 8¢ 0 0 0 0 0 0 €ODEN
0 000€ 0 0 0 0LE 0 0 000€ 0 0 0 0 1OH
134 w |34 [UZ 6€ 8¢ LE 9¢€ € 143 €€ [£3 1€ weag / Juduodwo)
1/00€-V-¥0 OL 95e10)§ 10JEMI)SEA O, 23e101G 10JeM3)SEAL O],
n) 29 A1 a8reyosi ysem 1d v V a8reyosiq ysem 1
4/V 20€-1 oz |
1/00€-V-v0 OL 2/00£-V-70 WoxL]
\ oot/
[ oz |
||||||||||| -

93eI0)G 10)BMAISEA O],

reyoea] payerdeq

0T

M Y0 Jemod
dwng a81eydsiq vdl
a/v €0¢-1

MA Y0 - Jomod
dumng aSreyosiq vdHAzd
d/v 20€-1

MY T 1omod
dwng 9reyoea| uea|

q/v 10¢€-1

L 9JON 99§
T# 5590014 yoreg

Lo
06T
0z ¢ 06T
0z
[OH

1M 1a

w ('] Ipeuerq
w 7’9 B
uwn[o) X1 vdl
/v €0¢-a

9 90N 90§
[# Ss20014 yojeg

\_oez_/
[ ]
113
06T o rem 1a
0z 067
[DH Loz ]

w¢ 19Ul
wg YSIoH
Jue] [01u0)

Hd ereyoea uBa

0¢e-d

wy :Iejouwer(
wg'9 S
uwnjo)
XI VdHaTd
/v 10¢-d

€C



0 Z/0og-y-g0 | TR0

AN #199US /# DMA Aeq/ig

a8ueyoxq uo[
BIA ST JO UOTIBIIUOUO))

dWLL

wesSerq Mo[, ssed01d
adLy Smmerq

000°S1

0001 €L

00071

0001 OCH

0L

sgure],

weiderq mof Joo[g
werserq o/
ISSUIMBI( WYY

10

06C

06C ¥0OS

850

HIAT

HTIH

(pOXIU) B4y OINSsoI]
(paxtw) D, dmyerddwa],
(P0S) By 2SS
(p1108) D, dImEedwa ],

(pmbry) egy dmssorg
(pmbrp) O, amersduny

(seS) egy 2mssarg
(sed) ), srmeradwd ]

Joquiny weang

| oW B e

mdino/nduy

ameudwWoN / sjoquAg [e1adg

00€

ONIN

[44

€00

8S°0

2D

£6

+UZ

£ODBN

000€ 1DH

9¢€

we g / wduodwo)

'SA[0AD YSem Ul PAAOWIAX

9%001 9[040 uondiospe 10)ye
spaq ur pmbry [enpisar 9401 ‘01
‘Ysem Aq paAOWAI [[e Jey) pue
paq uIsa1 ur SAE)S SIY} JO %05
owmssy ‘sSui[re} popuadsns
0] SUTRIUOD |¢ WBRNS “6
ONINL Ut

padnoiS /¢ weans woiy +eN ‘g

£/00€-V-£0
205 ¢0¢-1 Jo sdals yajeq 10,] °£
T/00€-V-£0
235 10g-1 Jo sdals yoreq 10,1 '9
. . +N.NZ A+Nﬁ.—\/~ A+m_< A+.rn®U
2SI 1D JO SISISU00 DININ 'S
U/3Y ul 2IE SO[qE) UIeaN)§ "¢
Surpunoi 0} onp
Qoue[eq Jou AW sweans g
a[eos 0} jou Suimel(J ‘|

S9JON

1/00€-V-10 061
[DH U 0z

a7 uz SN

062
33 0z

IDH

Je1oudsay (¢ daig

"o1040 uondiospe sy pajorduios sey uwinjod apesrdnp Jey) SI UOHIPUOD UOHRUTULS) £G-PUR)S ST 4

EE,:NU < lnovzy

Aq-puers|

0= SC.:NU

"Pa9y [DH Jopun uoneIauasay

X<Z,xmho > H.DC,mm,—.U

€
'pasy Iajem [ Japun ysem ¢
T

0001 0001 [e10],
0001 000%1 OcH
0L 0 ssuiie],
0 0 10
0 0 y0S
90 0 J3971
S 40} 0 H39H
€€ 0 ONIN
0 0 £0D
9 (0] D
144 0 Iz
0 0 £O0EN
0 (0] IDH
ve €€ wigaag / uauodwo)

JUDUNEAT) TOJEMAISEM O]

a31eydsI(T ysep 1A

ysep (g doig

1/00€-V-€0 OL

NINZ0) < 1009Z5[ paay ajeyoea) 10pun uondiospy
BLIJJLI) UOHBUIULIJ ], JuIAY das

0001 0001 [e10L

000€1 000€1 OCH

0L Op 1 sgure],

0 0 1D

06C 06C 0S

9% 0 860 HIAT

L10 1’1 HIIH

00€ 0¢E OININ

0 0 £0D

$3 3¢ 2D

€6 €6 Uz

0 0 €00EN

0 0 IDH

€ 1€ weang / uauodwo)

w [ J9peuerq
w Z'9 SIoH

uwnjo)

XI VdHATd

d/v 10¢-d

2/00€-V-20
ur €0g-4 woiy

qlospy 1 doig

¥



§T-80-S0
c-y-
0 €/00¢-v-c0 | *0
AN #199US /# DMA aeq/ig

a8ueyoxq uo[
BIA ST JO UOTIBIIUOUO))

dWLL

weSerq Mo[, $sa001d
ad£y Sumerq

weiderq mof Joo[g
werserq o/

STUIMBI(] IUIIYY

(paxIuI) B4y InSsoId
(paxtw) ), drmerdws],
(p1]0s) egY amssarg
(p110s) D, amerddwa],

(pbiy) egy 2Imssaig
(pmbr) O, axmesoduag,

(se8) eqy amssarg
(sed) ), amerodwo |,

Joquiny weang

mdino/nduy

| oW B e

ameudwWoN / sjoquAg [e1adg

000°S1 00091 [/v10]
000t1 000¥1 |O°H
00T oror |10
06C 06C |"OS
S0 0 AT
61°0 0 HIIH
8T 0 ONIN
LE 0 +nD
1C 0 +CUZ
0 0 fFOD™N
0 0Le  [IDH
(34 w weaxg / uauodwo)

“'SA[OAD Ysem Ul PIAOLIAI
9,001 91940 uondiospe 10e
spaq ur pmbiy [enpisar o501 ‘01
‘ysem £q poAOWAL [[B Jey) pue
Paq uIsa1 Ul SAE)S SIY} JO %06
awmssy ‘s3urfre; papuadsns
0] SUTBIUOD | ¢ Wean§ ‘6
ONIN Ut

padnoi3 /¢ weans woij +eN ‘g
£/00€-V-£0

995 ¢0g- Jo sdays yoyeq 10,1 L
7/00€-V-£0

90s 10¢-4 Jo sdojs yoyeq 101 ‘9
. . +~,®Z »+u:§ h.‘.m?w h.‘.NﬂU
1IN 1D JO SISISU0d DININ 'S
/3 uI aIe S9[qe) Weans ‘¢
Surpunor 0y anp

doueleq jou Aew sweang ¢

o[eos 01 Jou SuImer( ‘|
S9)ON

C/00€-V-¥0 UL €0%-¥ OL

2ID.12U233Y ¢ daig

000%1 0001 |/P10]
000%1 000¥1 |O*H
0 0 10
0 0 YOS
o 0 4T
¥80°0 0 HIIH
1€ 0 OININ
L1 0 +CD
€60 0 +CuZ
0 0 fFOD™N
0 0 IOH
1 ob weang / wauodwo)
JgeI01§

I9JEMIISBA O
981eydsIq
ysem 1d

77
G4
0%

yso ig dojs

"21040 uondiospe s)1 paja[duros sey uwM[od ajesridnp ey} ST UOHIPUOD UOTIBUTULID) AQ-PUR)S AT 4

EE.:UU < ._‘:C,:QU

Aq-purrg

-t

0 = 100mdy 'Pa9J [DH Jopun uone1auaday|¢
XVIUSSI) > L00°SS1 "PadJ 191BM [(J I9puUn Ysem [z
NINDY < 10005 [ pagy apeyora] 1opun uondiospy| |
BLIJJLI) UOIJBUIULII ], U] dag
0001 000%1 [1m10]
000¢€T1 000€1 |O'H
0 0 1
06C 06C  [fOS
¥10°0 o0 [dd¥1
S00°0 L10 |[d9¥H
08t 0ce  |ONIN
8l 93 +CnD
YL €6 |[+auZ
0 0 fODN
0 0 [IDH
6€ € weaag / uauodwo)
age101§ 061
Idjemalse |\ O, 0T
Jreyoea| pasordeq 6¢€
43 d1BYILY UL
06T
0T

w | Jyewelrqg
w 7’9 ysIeH
uumnio) X1 val
/v €0e-d

qiospy [ daig

4



0 1/00%-V-€0

€T-97-50
/MY
Ay #1990S /# OMA Req/iq

a8ueyoxH uoy
BIA ST JO UOIBIUAOUO))
apLL

wexSerq uoneiuownysuy 29 Surdig

ad£y, Sumeaq

00S-V-00 30Id

€ 109yg 0],

00€-V-€0 ‘ddd
00C-v-00 -ddd
001-V-00 -O/1
SSULMBI(] 92UIYINY
[eusis
doo [onuo) Ayes -
fusts .
doo jonuo)) A1ojensoy

waspagsgo |

€109y oL,
9)eYOBIT UBS|

el <evelv[ 0 | o | o | o | o | O fq-pueis[ ¢
L1048 woid NNV >0ev] 0 | O | 0 | O ] o | o Uonerouasoy| ¢
E NNgIe-v>sicv] O | o [ o [ o [ o | o ysem| ¢
L61e-1V <6le V] O o) o) o) 0 o) uondiospy| |
eLr) vopeurwidy, | e | 60¢ | Log | sog | o€ | 1og | uonduwdsaq  [dag
AN | AN | AW | AN | AN | A

uoNjeIaUaZAI pue YSEA ‘G

‘uondiospe

SoJeUIWIS) g[0E-( Uaym
sajeuru1d) doys Aq-puels 4
"6 €-HV 10SUds SL1OWE)[0A
ySno1y) uorenuaduod
+¢UZ (L&D ysnoxypiearq
SIOWSIBI 61TV '€

‘UMOYS Jou I8

10€-D7IS 01 SUOIPAUUOY) ‘T

‘uondiospy

ur yiog-a s | doyg

Urumoys seAfeA "10€-DT1S

Aq powwesSoid douanbas

AATeA $S9001d yojeq-Tuag |
SAJON

ndinp/ndu
o Au cways oL
danjepuUIWOY / sjoquikg [eadg [DH UI'UZ 29 H9YH
‘URLIOISIY
'yep ul Surpuasy doueuLojad
10} Paj SWIN[OA [}0} SPIOII
60¢€-1: 19Z1€10) MO[]
"7 3_9yS uo Z109ys O],
UMOYS S[OIUOD UOTIBUIULID)
aBxeyasI( ysem 1A

»

A

T10€-D'TS 10§ d[qe], SHUIAY Jo dudanbag

<[
N

7 109yS 0

IOH

73094S 0],

Jeyoea|

t109US O]

z19ys 0

WL IJBMI)SBA OIPIOY O

w ()] Jojeuwerq
w 7’9 SOy
uwno) X1 VdHacd
v 10¢-d

o8e10)g [EOTWIAYY) WO

1OH

7 BAIY $S9001 WOL]

SonIN() JIEA WoIg

9T



0 Z/00-V-€0 mw%mmo
A | #199us /4 DMA_Preq/Ad

a8ueyoxH uoy
BIA ST JO UOIBIUAOUO))

oL
wreerq uopeiuownysuy 29 Surdid
dA], Sumeaq
00$-V-00 0Id
00€-V-€0 -ddd
002-v-00 ‘add
001-V-00 -O/1
:SSUIMBI(J DUIY
[eusIg
doo jonuo) A1ayeg -
reusis doo

[onu0)) A1oren3oy

[BUSIG 1930S-1JO

]
<

AINJEPUIWON / S|OqUIAS [B1ddS

ndinoanduy

“UBLIOISIY

'Iep Ul Surpuan souewiojrad
J10J P3J SWN[OA [)0) SPI0AI
80¢-1d 19Z1ej0) MO[] "9

"1 199YS UO UMOY[S S[01JU0D
uoneurud) uondiospy ‘g

‘uondiospe
SABUIWLID]) V[ (0€- Uaym
sareuruo) dojs £q-puels 4

‘0ce-dv

10SUQS J11]aUIe)[0A Y3noiy)
UOTIBIIUSOUO S[EJOW Punoq
-IoMO[ SIR)SISAI OZE-IV ¥

‘$1¢-HV Josuas Apiqimny
ysnory) (NN siun Ayrprqimy
s1awoaydau Ur UOHEIUIIU0D
spijos papuadsns [e101 punoq
-10MO] SIISISAI 81 €-1V '€
‘UMOYS 10U
aIe ZOg-DTS 01 SUOTOdUU0Y) 7
ysepM Ut g10¢-d oves | dorg
Ul umoys soAleA "70€-O1S
Aq pawwe1Soid douanbes
oATeA ssa001d Yoreq-Tag ‘|
SJON

1199ys 0

QYBYOBYT UL

 BAIY $53001J O],

[OH Ur'uZ 2 J94H

JOpPBIH I2JeMI)Se M
OIPIY-UON O,

oSreyosiq ysem 1A

Z)
7
AN

1 1094 woig

aSreyosiq ysepm 1

1 1094 woig

[DH Ul uZ % 99IH

WnI(] 10)EMAISB A OIPIOY O

w (] el
w 7’9 yBIeH
uwnjo) X1 VdHAZA
q10¢-d

91¢
a1

/80€Y

HeIe-1V < 61€-1V| O o) o) o) 0 o) uondiospy| ¢
Eele-IV <6le-IvV| D R) ) R) o) o) Aq-puerg( ¢
NWpez-v>ozelv[ O | o | O | O B} O | wonerouddoy| ¢
NG eIV > 8I€- IV O o[ o 0 > [ o usem| 1

eLdL) uopeurwid | zye [ ore | 80€ | 90€ | vog | zog | uondudsaq [dag
AN | AN | AW | AN | AN | AN
Z0€-D71S 10} Jqe ], SIUIAY Jo dunbag
1904 O,
IDOH
¥ 1904S O,
1M 1

1 393YS woI,|

1 199Y§ woI,]

1 1994 woIg

LT



€T-97-50
/MY
neq/ig

0 €/00¥-V-€0
Ay #199US /1 DMA

Q8ueyoxg uof
BIA ST JO UOTBIIUOUO))
apLL

wexderq vonejuownsuy 29 Surdig
adLy Sumerq

00S-V-00  301d

00€-V-¢0 -ddd
00C-v-00 -ddd
001-v-00  -O/1

STUIMBI( DUIIRJIY

[eusig
dooT jonuo)) AjpgeS

[eusIg
doorT onuo)) ArojemnSoy

[eUSIS 12013-]JO _

JI3PBAF JJEMI)SEAN JIPIOY O]

3094 OL

ndinonduy

<

AIN)BPUIWOY / S[oquAS [B1adg

‘IIFI9A0 Yue) JO

JUOAD AU} UT JOPEAY JOJeMIISEM
SIpIoE Ay} 0} ¢ODEN Surpuas
o sieaard 99¢-HHVT 'S

$9¢-HHV 1 se jutodies

awes ay} sey 99¢-HHV'T 9

T0e-d

0} 9104021 dwnd Sunenur ‘go¢

AW Sutuado 4q €/v10¢-10)

d3ewep syuarald G9¢-TTVT 'S

“JOPEAY JSIBMIISEM

pIoe ay) 0} Yuey Ay} Sururerp

P9¢-AIN Suruado 4q [[1j1040

Syue) sjuaAdId $9¢-HHV'T ¢

91945 uondiosqe ayy 1040 doip

Hd eredronue 03 (1 3094S) 12¢

-4V pue 7ze-qV Jo ssurpear

Hd sauiquos 7z¢-0X T

-areds

pajjeisur ue st g1og-1 dumng ‘|
SAJON

QJeyOBIT UBST 20€-4

 199YS wo ]

Q)eyOBYT UBST

Pl

pa

[ 199y§ woug

wg I9jouweI(]

M Q'] Jomod o
dwng 1ojsuel], 91eyoea] ued| wig ySisy ;
a/v 10€-1 SUB, [0U0D) H
c0e-d

a3e10)G [RITWAY)) WOI ]

8¢C



. §T-92-60
0 ¥/00-V-€0 MY

Ay #1990S /# OMA Req/iq

a8ueyoxH uoy
BIA ST JO UOIBIUAOUO))

PLL

wexderq vonejuownsuy 29 Surdig

adLy Sumerq
00S-V-00  30Id
00€-V-€0 ‘ddd
00C-v-00 -add
001-V-00 ‘O/1

SSUIMBI(] IUIYIY

[eusis
door] jonuo) Ajvyes

[eusig
doo jonuo)) A1ojenSoy

]
<

IMBPUIWOY] / S|oquAS [B1adg

[eusIs 192Ys-5O

mdinomduy

“UBLIO)STY
eyep ul Surpuax doueuIoiad
10} PaJ QWIN[OA [€)0} SPI0DAI
6CE-1 19Z11e10) MO[] 'p

‘G J09YS U0
UMOUS S[OJJUOD UOIIBUITILIO)
uo1BIdUISAI puB Ysep ‘G

‘uonydiospe
SoeUTULId) gE0E-( Uaym
sqjeurwd) doys £q-puelg 4

'6€€-HV 10SUSS dlNOWE)OA
ySno1y} UoLEIUIOU0D

"0 (1L4) ySnoxnyeaq
S19IS1831 6E€-IV '€

‘uUMoys jou a1e

€0€-DTS 03 SUOIAUU0Y) ‘T

‘uondiospy

ur veoe- emes | daig

Ul umoys saAleA "€0€-OIS

Aq pawwes3oid aouonbas

aATeA ssa001d yojeq-Tweg ‘|
SAJON

1apeay
IJBMIISE A DIPIOY O],

Jreyoed] parerdeq

[SEEEL ISRV
Jreyoea] parerdeq

y vaIY
§590014 O,

§199yS 0,

[DH Urny 7 9941

$199yg o

aBxeyasI( ysem 1A

&)

&)

»

WL IJBMI)SBA OIPIOY O

w ()] Iojewer(
w 7’9 S
uunjo) X1 vdHAzd
V 10€-d

1eee-1v < 6€€-TV| O o) o) o) o) o) Aqpueig[ v
NWZpe-ly > eV O | O [ O | O | O ) uonerouasey| ¢
NINOpe-TV > Op€-TV| O >l o] o > | o uysem| ¢
eee-Iv <6g€-lv| O | O o) o>l oo wondiospy| |
e uoneurnwdL| €7€ | 12€ | 61€ | 1€ [ s1€ | €16 | uwondudsag| daig
AN | AN | AN | A | AW | AW
€0€-D71S 10§ dqrL SIUIAY Jo duanbag
ISECLNIVY
IOH
REEI NI
QIO UBY|
S EEL NI

7129y wor

1OH

€ 109Yg woxg

QBB UBY|

7109Yg woxg

6C



o $7-92-50
0 S/00¥-V-€0 TSIV

AN (#1998 /# DAA[eq/Ad|

a8ueyoxH uoy
BIA ST JO UOIBIUAOUO))
IPLL

wexSerq uonejuownysuy 29 Surdig

ad£y, Sumeaq
00S-V-00 01d
00€-V-€0 ‘ddd
002-v-00 ‘add
001-V-00 ‘O/1

ssSuimeI(] DUIYIY

[eusIg
doo jonuo) Koyeg

reusis doo
[onu0)) Aoren3oy

a
<

AINJEPUIWON / S|OqUIAS [B1dS

TeuBts 1994s-1O

ndinonduy

“URLIOISIY
eyEp ul Surpuan) soueuLioyrad
10} PJ SWN[OA [B}0} SPIOOI
8CE-14 19Z1e10) MO[] "9

" 199US UO UMOYS S[OIU0D
uoneurud) uondiospy ‘g

‘uondiospe
SoJRUIILIR) YV EOE-( Uaym
sareutut} dogs £q-pueis 4

Tre-av

JI0SUDS OL1JOUWIR}[0A YSnoiy)
UOTENUIUO0) S[BISW PUNOq
-IOMO] SINSISAI THE-TV b

‘0ve-aV Josuas A1piqin
ysnoiy (NIN) sHun Aypiquny
oLwofaydau ur uoHEINUIIUOD
spI[os papuadsns [e10} punoq
-19MO] SIRISISAI OFE-1V '€

“UMoys jou
AI8 $(€-D7IS 01 SuU0NdAUUO) ‘7

YseM Ul g¢0g-a s | doarg

UL uMOUS SIA[BA "F0€-D1S

Aq pawrwresSoid aouanbas

oATeA $53001d YojeQ-TIAS ']
SOJON

¥ 199YS OL
oeyoedT paerdoq

 BAIY $53001J O],

DHUIND 2 39T

&

(e
(A

JOpPBIH I2JeMI)Se M
OIPIY-UON O,

oSreyosiq ysem 1A

4
AN

1 1094 woig

aSreyosiq ysepm 1

1 1094 woig

[DH Ul uZ % 99IH

WnI(] 10)EMAISB A OIPIOY O

w (] IeuweIq
wz'9 WBIeH
uwmnjo)

X1 VdHATd
V 10€-d

rseeN

N

N

-

8¢¢

/8ce)

Weee-iv<ecc-lvl o [ o [ o [ o[ o | o uondiospy|
186ee-vV < 6€€-TV| O o) o) o) o) o) Aq-pueig| ¢
Neperv>aelvl O [ o [ o [ o[ o o uopeiouddny| ¢
NNopety >operv] O [ O [ o | O ] O | O usem| 1
ey uoneurid L | e [ ore | 8o€ | 90¢ | vos [ zo€ uondrdsag| das
AN | AN | AW | AN | AN | AN

$0€-D'TS 10} J[qe], SJUIAY Jo ddudnbag

339YG WO,

199UG woI,]

Q)Y T UBY'|

309 wox ]

0€



e $T-61-90
0 00s-v-00 |51

AN #199US /# DMA Aeq/ig
noAe] ueld
[[B19AQ ANV WO Y
RIUN

noAe| 10[d [[BIOAQ
adA Y, Sumeaq

€5¢-n-€0 Annn
7S€-V-€0 Surdig

1S€-v-¢0 “TaN
007-V-€0 -dI®d
00¢-v-¢€0 -ddd
00C-v-00 -ddd
001-V-00 -O/1

SSUIMEI(] 99U

Kempeoy .
91en AJINdag _H_

yory odig Jensurud D

Kemadig D
Suroua,| D

aImjepudWoy / sjoquAg [eadg

W0l 00D
[e1JUSD JOF SPUBIS YD) t

o[eos 01
10U A1 AJLINOJS PUE SIOUD ] “¢

SpeoJ Japun sso1d skemadid ‘g

opeid aA0qe W9'() I8 Speoy |

—_

SI0)AW ()7
—
uonoaq
PUIm N
Surreadrd

$9J0N

uonensIuIupy Ajunoog

wo)sAS
19JB M
oIr

juauneal] I9Je M\ SeM\

a3e10)S 1918 AN S1SBM

samImN

a3e101g
[edruayn

A1oyeioqe]

G BaIY
$89001

Q0UBUUIEIN

 BAIY SS9001J

uorsuedxg

] BAIY $S9001d

€ BAIY $S9001J

WAISAS 10JBA\ 1]

7 BOIY $S001J

J8e101§

95e10)S [BITWRYD) 2p Suipeojup)/Suipeo]




0 11sey-s0 | S0

AN #199US /# DMA Aeq/ig

ANV wolp g9y
Jo uoneredag aSurydxy uo|

dWLL

noAe] juowdinbg tofey
ad£y Sumerq

1S€-v-¢0 “TdIN
00v-v-£0 -dI®d
00S-V-00  301d
00€-v-¢0 -ddd
002-v-00 -d4d
001-v-00  -O/1

SZUIMBI(] IUIYNY

Teqid O
arme N / SIOquAS [e1adg
s19)oW 7

uonoadl(q —N
PUIM
Surjreaard
SIJON

MAPY0 19mod

dwing a8reyosiq vdl

q/v €0¢-1

q/v 10¢-1

gl

MAPY0 Jemod

dwng o5reyosiq VdHATA

q/v 20¢-1

Vv €06-a WV 0T g £06-d
0 = o .
]
a4 10ed L] v 105-a
q/v 20¢-1
w ejwelq wg “Iojouwelq ul e
. MIT I1omog wzg ”Ews.m wg ”Emﬁi Emc.m: M:om_um
wing 91eyoeoT ued | uwn(on X1 vl yue ], onuoy) pd 100
a/v 10€-1 av g0e-a 2061 X1 VdHaZd
q/v 10¢-d




. $T-60-90
0 zsev-o | S
AN #1994S /# OMA Aeq/ig
ANV wolp g9y

Jo uoneredag aSurydxy uo|

1y passaidwo)) "6

I91BMIISBAN JIPIOY '

(831 “COp-y 03) ND 29 AT 'L
( Boxe “[0p-y 01) uZ % AYH 9
a8aeyosiq ysem Id 'S

€00®EN ¥

PIOY SUIOIYJ0IPAH ¢

AL
I19)e |\ paziuold ‘7
weiSerq Sunnoy adig ( vore "¢z~ wody) oeyoedT ‘|
ad£y Sumerq 6:0@01— JA[BA %.-uea.wm—
1S€-V-€0 “"THIN

00¥-V-£0 -dI®d
00S-V-00  301d

00€-V-¢0 -ddd
00C-v-00 -d4d
001-v-00  -O/1

SZUIMBI(] IUIYNY

[OAST 1m0 0}
[2A97T 1odd) wo1y mop ®

[oAa97 10dd) 03
[oA9T 10M0T woxy Mo @
nwir Aeneg ™

TBld [}

AARA [OBUO) [

aamej N / stoquikg [epadg
SI9)oW 7
uonodlIq N
PUIM
Surjreaard

$9JON

MAPY0 19mod
dwing a8reyosiq vdl
q/v €0¢-1

a/v 10¢-1 @

a/v €0¢-1
Vv £0€-d d £0¢e-a
V €0€ ADA g0£€ ADT € €0€ ADA
[ — ) (S — ) ?%@
g —— ) e —— ) > —>®
V 1€€ ADdA V0€EADT qar1ee ADA
| @<«H 6
| X—>m 8
| QRX>0 L
| QX>m 9
® | XR—>m <
@AI_“DH_A|®
12€[Add | @<«H Vv
X
| @<«H ¢
| @<«H T
| @<«—m I
g01€ ADT 1€ ADd V €1€ ADA
@R @« 1«® >C_1>@®
(O —) @1« R® >C_ e
VolE AT g11€Add V 11€ ADd
X
g10ed Vv 106-a
d/v T0¢-'1
. . w] IRl
M3IAPY 0 Jemod M Jomod MMMOMMM_MM E%N.NMMMMQ wyz 9 WSOy
dwing 981eyosiq VdHATA dung oyeyoesT uea| :Es_oo. Nm var yueL _m.E:oQ Hd uumjo)
d/v T0¢-1 qa/v 10€-1 av g0e-a 2061 X1 VdHdZd
a/v 10¢-d

33



. $T-60-90
0 vesev-eo |

AN #199US /# DMA Aeq/ig

ANV wolp g9y
Jo uoneredag aSurydxy uo|

dWLL

( Bare “¢Op=y 01) D % GHAT 'L
(y eate “[0p-Y 03) UZ 22 AAYH 9

wesSer Sunnoy adig
ad£y Sumerq

(7 BaIe ‘g7~ WoIy) 91eydeaT ‘|
PudSdT A A AIdNeyg

16€-v-¢0 “TdN
00¥-V-€0 -dI®d
00S-V-00  0Id

00€-V-¢0 -ddd
00¢-v-00 -ddd
001-v-00 -O/1

STUIMBI(] IUIIYY

1y passaxdwo)) ‘g
I0JeMIISeAN JIPIOY '

aSreyosi(q ysem Id 'S
€O0®.N ¥

PIOY OLIO[YI0IPAH "¢
I0JeA\ PIZIUOId(] ‘T

[9A9T 1OMOT 0}
[2A97 12dd) woyy mor ®

[oa97 10dd) 03
[0A9T 10M0 woiy mo[] @

T Kreneg n
Te[iid O

AATEA [OUOD) [

amePudWoN / S|oquAg [e1adg

s19)oW 7

uonodlIq
PUIM
Surjreaard
S9)ON

MAPY0 19mod
dwing a8reyosiq vdl
q/v €0¢-1

/v 10€-T E ® E

a/v €0¢-1
Vv €0¢-d d €0¢-d
©|
% % _HM Q :
@J\l IIO
o [ le— 2 o
Q @ ®4 e
Y €0€ ADA q0€€ ADT € €0€ ADd
ol — — —— x| 1| m
O @ Che| 0 | L =
Y 1€€ ADd V 0£€ ADT g1£€ ADd
— L H\I@ [ IS
7 P! A
I\ QW8
” b—l— QM L
® — PN iy m——_ K
_“D“_ ®
12€(ADA Aﬂ) —— N —@ |y
®A — N
e ——l— —lt———@ W ¢
J— p——inb—\ | | VN O x4
— Ui/ | | / —
p——nb— | | y—Vv—\ p——— |® [ I
mo:>u._® o €16 ADd s V €1€ ADd
14 | — C_1 @
0
Le @ Lo 5 & | o]
V01 ADT ] a11€ ADd V LLE ADd|
fo N [
o . e
—Q iIO R @
—Q ®e— ] -® &
d10¢-d v 106-a
q/v T0¢-1
) ) w Iejeuwel
M0 am0g Al amog L i g o wz'o o
dwing 981eYosiq VdHATA dung oyeyoesT uea| :Es_oo. Nm var yueL _m.E:oQ Hd uumjo)
d/v T0¢-1 qa/v 10€-1 OV 0e-d 2061 X1 VdHdZd
a/v 10¢-d

123



0 vesen-o | SO0
AN #199US /# DMA Aeq/ig
Qwaydg

AN 10Jema)Sep JIpIoY
/R)eIBAT € BAIY SSA001J

AWML

wesserq mopq Aunn
ad£y Sumerq

(#/00%-V-€0)
V €0¢-d

TS€-v-€0 Sutdig
1S€-v-€0 “TAN
00v-V-€0 dI®d
00S-v-00  101d

00€-V-¢0 -ddd
00C-v-00 -ddd
001-v-00  -O/1

SSUIMEI(] 9IUIYIY

pung Il
SN D]
ureiq B
JUSA A _.*._

amyeudwoN / sjoquAg [e1adg

(S/007-V-£0)
€ €0¢-4

(2/00%-V-£0)
4 10¢-4

a7e0g 03 JON Summel ‘|

$9JON

(1/00%-¥-€0)

V 10¢-4

w[ J9euwerq
wg'9 WSIH
uwnjo) X1 VAl
/v €0¢-a

Jeyoea |
pajerdaq

ISEI[IY 19JEMI)SEAN
o1pIoy amnssaidioa

BRI
pVv

wy :Iajowel
wg'9 YSIeH
uwnjo)
XI VdHHazd
/v 10¢-d

33



e §T50790
0 7/gseN-€0 iy

A%y #I9US /4 DMA | aeqa/sa

Qwayos AN
I\ [ € BAIY SS01]

dWLL

weidelq Mo, Annn
ad£y Sumerq

TS€-v-€0 Suidig
1S€-V-€0 1A
00-V-€0 :dI®d
00S-V-00 101d
00€-V-€0 ‘Add
002-V-00 ddd
001-V-00  “O/I
Em—:?«.-ﬁ ERLEBREICM |

pung Il
QATEA >
urelq
By
WA >B
damey. N / SIOquIAS [e1oadg

91edg 03 JON Summel( ‘|
SIJON

MIAPY0 -19mod

dwing 98reyosiq vdi

q4/v €0¢-1

(#/00%-¥-€0)
V €0¢-d

a

Il A
ol

a

Il A

R

(2/00%-V-€0)
g 10¢-1

AP0 1emod
dumd 951eydsiq VdHAZA

q/v 20¢-1

(1/00%-V-€0)

Vv 10¢-4d

=
i

(1/00€-V-€0)
/v 20€-1

w Jajeuwer
wg'9 JYSIoH
uwnjo) X1 val
/v £0€-a

(S/00%-V-€0)
— 4 €0¢-4d
(1/00€-V-€0)
/v €0€-1
e [
\C@t&m_
_ _
|
a
|
D% wnay
A |
a
>4 I
of
i >t | Brem 1d
g

wy IRl
wg'9 YSIH
uwnjo)
XI VdHATA
/v 10€-a

9¢



