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Notes:
1 Data from holes 04EA-054A, -054B, -054D, and -054E from Appendix B .

2 Data from holes 05EA-107 and 04EA-084 from Appendix B.

3 The upper bedrock leakage composite is the average of holes 04EA-054A, 04EA-054B, 04EA-054D, 04EA-054E,
05EA-107 (60 ft - 115 ft) and 05EA-107 (320 ft - 375 ft).

| 4 The lower bedrock leakage is from hole 04EA-084, 8§17-991 ft.

5 The total leakage composite is estimated as 55% from the upper bedrock leakage and 45% from the lower bedrock
leakage.

6 The incremental change is the incremental water quality for underground mine during operations due to rock wall
leachings. Data from Table 2, Geochimica Technical Memorandum titled Water Quality in Underground Mine
During Operational Conditions. , November 7, 2005. (Appendix B) The incremental change for nitrogen (ammonia)
is the estimated increase in ammonia due to blasting residuals.

7 The composite mine drainage is the sum of the total leakage composite and the incremental change.

8 The TDRSA contact runoff is the water quality for the development Rock stockpile with limestone addition. Data
from Table 3, Geochimica Technical Memorandum titled Water Quality from the Development Rock Storage Pad
During Operations, November 7, 2005. (Appendix B)

9 The WWTP influent wastewater is the water quality of the of the combined 180 gpm mine drainage water and the
21.7 gpm TDRSA runoff water.

10 Estimated concentration following metals precipitation process. Treatment reductions are estimated for calcium,
cobalt, iron, nickel, magnesium and manganese. Other metals will be treated by co-precipitation in the solids contact
| clarifier. The lime treatment reduction for these other metals were conservatively not estimated.

11 Estimated concentration of the combined second stage RO permeate and the concentrate reduction process RO
permeate.

12 Estimated concentration in the evaporator distillate based on 10 ppm estimated total dissolved solids carryover in the
evaporator. The 10 ppm is proportioned using the mass flow for each parameter feeding the evaporator.

13 Calcium concentration in the filtered effluent of metals precipitation process is estimated as 14 mg/L based on
engineering judgment and vendor recommendation. This value may vary with incoming wastewater alkalinity and
other operational considerations. (Lime softening treatment can produce calcium concentrations down to 8 to12
mg/L or 20 to 30 mg/L as calcium carbonate, Reference Sanks, Water Treatment Plant Design.)
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Cobalt concentration in the filtered effluent of metals precipitation process is estimated as 0.5 mg/L based on
engineering judgment and vendor recommendation. .The solubility of cobalt is less than 0.1 mg/L at pH 10. The
estimated treatment value of 0.5 mg/I considers additional factors such as solids carryover. (Solubility data from
Benjamin, M.M. (2002), Water Chemistry, McGraw-Hill, pp. 398.)

Iron concentration in the filtered effluent of metals precipitation process is estimated as 1.0 mg/L based on
engineering judgment and vendor recommendation. Ferric iron has a solubility of less than 0.1 mg/L at a pH of 10.
The estimated treatment value of 1.0 mg/l considers additional factors such as solids carryover. (Solubility data
from American Waterworks Association, Water Quality and Treatment, Industrial Water Pollution Control, 4th
Edition.)

Magnesium concentration in the filtered effluent of metals precipitation process is estimated as 8 mg/L based on
engineering judgment and vendor recommendation. (Lime softening treatment can produce magnesium
concentrations down to 2.4 mg/L or 10 mg/L magnesium as calcium carbonate, Reference Sanks, Water Treatment
Plant Design.)

Manganese concentration in the filtered effluent of metals precipitation process is estimated as 0.5 mg/L based on
engineering judgment and vendor recommendation. (Lime softening plants are used to treat in potable water
applications to meet the potable water standard of 0.5 mg/L.)

Nickel concentration in the filtered effluent of metals precipitation process is estimated as 2.0 mg/L based on
engineering judgment and vendor recommendation. The solubility of nickel ranges from 0.4 mg/L at pH 10 to less
than 0.1 mg/L at pH 11. The estimated value of 2.0 mg/l considers additional factors such as solids carryover and
allows flexibility to optimize pH for overall treatment plant performance. (Solubility data from Eckenfelder,
Industrial Water Pollution Control, 2nd Edition.)

The concentrate reduction process permeate will flow to an ion exchange unit for boron treatment. The ion
exchange resin will be regenerated prior to reaching 0.25 mg/L of boron in the ion exchange effluent. Ton exchange
resins, such Amberlite IRA743 manufactured by Rohm and Hass, can treat to boron concentrations of less than 0.02
mg/L.
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Wastewater Treatment Plant Treatment Calculation for Nickel
Estimate upper bedrock leakage composite concentration for nickel:

Data from holes 04EA-054A, -054B, -054D, and -054E from from Appendix B.:

04A-054A: 25 ug/L
04A-054B: 29 ug/L
04A-054D: 25 ug/L
04A-054E: 25 ug/L
Data from holes 04EA-107, -084 from Appendix B:
04EA-107, 18-34 ft.: 25 ug/L.
05EA-107,97-114 ft.: 25 ug/L
Average upper bedrock leakage composite concentration = (25+29+25+25+25+25)/6 = 25.7 ug/L
Estimate lower bedrock leakage composite concentration for nickel:

i
| The lower bedrock leakage is from hole 04EA-084, 817-991 ft. from Appendix B:
04EA-084, 817-991 ft: 25 ug/LL

Estimate total leakage composite:

The total leakage composite is estimated as 55% from the upper bedrock Jeakage and 45% from the
lower bedrock leakage.

Total leakage composite = 0.55 x 25.7 + 0.45 x 25 = 25.4 ug/L

Estimate rock wall leaching incremental change:

The incremental change is the incremental water quality for underground mine during operations due to
rock wall leachings. Data from Table 2, Geochimica Technical Memorandum titled Water Quality in
Underground Mine During Operational Conditions. , November 7, 2005. (Appendix B)

Nickel incremental change: 36,400 ug/L
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Estimate composite mine drainage:

The composite mine drainage is the sum of the total leakage composite and the incremental change.

Nickel composite mine drainage: 25.4 ug/L + 36,400 ug/L = 36,425 ug/L.

Estimate TDRSA contact runoff concentration:

The TDRSA contact runoff is the water quality for the development rock stockpile with limestone
addition. Data from Table 3, Geochimica Technical Memorandum titled Water Quality from the
Development Rock Storage Pad During Operations, November 7, 2005. (Appendix B)

Nickel TDRSA runoff = 8,330 ug/L
Estimate wastewater treatment plant influent concentration:

The WWTP influent wastewater is the water quality of the of the combined 180 gpm mine drainage water
and the 21.7 gpm TDRSA runoff water.

Nickel WWTP influent concentration = 180/(180+21.7) x 36,425 ug/L + 21.7/(180+21.7) x 8,330 ug/L
=33,403 ug/L

Estimate lime clarifier filtered effluent concentration:

Nickel concentration in the filtered effluent of metals precipitation process is estimated as 2.0 mg/L
based on engineering judgment and vendor recommendation. The solubility of nickel ranges from 0.4
mg/L at pH 10 to Iess than 0.1 mg/L at pH 10.5. The estimated value of 2.0 mg/l considers additional
factors such as solids carryover and allows flexibility to optimize pH for overall treatment plant
performance. (Solubility data from Eckenfelder, Industrial Water Pollution Control, 2nd Edition.)

Nickel lime clarifier filtered effluent concentration: 2,000 ug/L

Estimate first pass RO permeate concentration:

Basis:
Recovery: 75% (Equipment manufacturers recommendation)
Rejection rate: 97.3% (Equipment manufactures recommendation for KEMC project, typical
nickel rejection rates published by GE Osmonics are 98 to 99%, typical nickel rejection rates
published by Dow - Filmtec are 96 to 99%)
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Rejection % = [CONC (o mean feed) = CONC (permeate)] / CONC (0 mean feed) X 100

Conc (permeate) = Conc (log mean feed) ~ (RejeCtion % x Conc (log mean feed) ) /100

Estimate nickel log mean concentration of first pass feed:

CONC (jog mean feea) = Feed Concentration x In[ 1/ (1-Recovery)] / Recovery

CONC (jog mean feed) = 2000 ug/L x In[ 1/ (1-0.75)] / 0.75 = 3,697 ug/L

Nickel Ist pass permeate = CONC (1o mean feed) - (REjECLION % X CONC (10g mean feed) ) / 100

Nickel 1st pass permeate = 3,697 ug/L - (97.3 x 3,697)/100= 100 ug/L

Estimate second pass RO permeate concentration:
Basis:
Recovery: 85% (Equipment manufacturers recommendation for second pass)
Rejection rate: 97.8% (Equipment manufactures recommendation for second pass, typical

| nickel rejection rates published by GE Osmonics are 98 to 99%, typical nickel rejection rates
! published by Dow - Filmtec are 96 to 99%)

|

|

RejeCtion % = [COHC (log mean feed) ~ Conc (pemleate)] / COHC (log mean feed) x 100

|
1 COoNC (permeate) = CONC (0 mean feedy - (RejeCtion % x ConE (105 mean feed) ) /100
|

Estimate nickel log mean concentration of second pass feed:

CONC (105 mean feedy = Feed Concentration x In[ 1/ (1-Recovery)] / Recovery

CONC (og mean feedy = 100 ug/L x In[ 1/ (1-0.85)] / 0.85 =223 ug/L

Nickel 2nd pass permeate = CONC (105 mean feed) - (REj€Ction % X CONC (10g mean feed) ) /100

Nickel 2nd pass permeate =223 ug/L - (97.8 x 223)/100= 4.9 ug/L
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Estimate concentrate reduction process (CRP) RO permeate concentration:

Basis:
Recovery: 84% (Equipment manufacturers recommendation for CRP)
Rejection rate: 97.7% (Equipment manufactures recommendation for second pass, typical
nickel rejection rates published by GE Osmonics are 98 to 99%, typical nickel rejection rates
published by Dow - Filmtec are 96 to 99%)

RejGCtion % = [COI]C (log mean feed) = Conc (permeate)] / Conc (log mean feed) x 100

CONC (permeatey = CONC (10g mean feed) - (RejECtion % X CONC (jog mean feed) ) /100

Estimate nickel log mean concentration of CRP feed:

CRP feed concentration is after microfiltration and the metals polishing ion exchange
processes. The estimated nickel concentration following the microfiltration and metals
polishing ion exchange unit is 100 ug/L based on engineering judgment and vendor

recommendation. As reference, the solubility of nickel is less than 0.1 mg/L at pH 10.5.
(Solubility data from Eckenfelder, Industrial Water Pollution Control, 2nd Edition.)

|
\
i
i CONC (10g mean feedy = Feed Concentration x In[ 1/ (1-Recovery)] / Recovery
|

CoNc (1og mean feety = 100 ug/L x In[ 1/(1-0.84)] / 0.84 =218 ug/L

Nickel CRP permeate = CONC (o5 mean feed) - (REJECLION % X CONC (105 mean foed) )/ 100

Nickel CRP permeate =218 ug/L - (97.7 x 218)/100= 5.0 ug/L

Estimate combined 2nd stage RO permeate and CRP RO permeate:

‘ 2nd pass RO permeate flow: 350 gpm (design influent flow) x 0.75 (recovery 1st pass) x 0.85 (recovery
‘ second pass) = 223 gpm

; Flow to CRP process: 350 gpm (design flow) - 223 gpm (2nd pass permeate flow) - 10 gpm (flow to
evaporator) = 117 gpm

Nickel in combined permeate streams: +223/(223+117) x 4.9 ug/L + 117/ (223+117) x 5 ug/L = 5 ug/L
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Estimate evaporator distillate concentration:

Estimated concentration in the evaporator distillate based on 10 ppm estimated total dissolved solids
carryover in the evaporator. The 10 ppm is proportioned using the mass flow for each parameter feeding
the evaporator. 10 ppm estimate based on evaporator manufacturer's estimated range of 2 to 10 ppm.

Estimate concentration of nickel in evaporator feed water:

The source of the evaporator feed water is the CRP RO concentrate. The CRP RO unit has an
estimated overall recovery of 84 % with an overall rejection rate of 97.7%. The estimated
concentration in the CRP concentrate is 1420 ug/L based on an overall concentration factor of
14.2. This overall concentration factor considers the portion of the concentrate which is
recycled back to the CRP microfiltration process for further metals removal. The total
estimated concentration of all parameters in the CRP concentrated is 61,100,000 ug/L. (See
attached spreadsheet.)

Estimate fraction of nickel in evaporator feed water:
Nickel fraction = 1420 ug/L / 61,100,000 ug/L or 0.000023 parts Ni/ parts total solids
Estimate concentration of nickel in evaporator distillate:

Estimate that the nickel fraction in distillate is similar to the nickel fraction in the feed water
and base total TDS in distillate of 10 mg/L.

Nickel concentration = 10 mg/L x 1420 ug/L / 61,129,240 ug/L = 0.00023 mg/L = 0.23 ug/L
Estimate WWTP effluent concentration:
Effluent concentration is based on combining evaporator distillate and RO permeate streams:

Nickel in combined permeate streams: = 5 ug/L
Nickel in evaporator distillate = 0.23 ug/L

Based on design flow of 350 gpm:
2nd pass RO permeate flow: = 223 gpm
Flow to CRP process: = 117 gpm
Combined permeate flow =223 +117 = 340 gpm

Flow of evaporator distillate stream = 10 gpm

Nickel in effluent = 340/350 x 5.0 ug/L + 10/350 x 0.23 ug/L = 4.9 ug/L
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.»DS monics

Engineering
Memo #13

Re: Fundamentals of OSMO® Systems

From: The Osmonics Engineering Department

OSMO systems are designed to produce purified
water by a process called reverse osmosis.. An
understanding of this process can best be gained by a
review of the process of osmosis. A simple osmosis
system is shown in Figure 1 below:

. Figure 1 - Osmosis

Solution will rise to this point
which is head equal to
apparent osmotic pressure

— —— — —

N

Ah

Semipermeable
/ membrane

Water flow -~ - ———

Normal osmosis takes place when water passes from
a less concentrated solution to a more concentrated -
solution through a semipermeable membrane. A.-
semipermeable membrane will pass water molecules
but will not pass a great percentage of the solute

(i.e., dissolved material) — most of this material is
rejected. The word most is emphasized because in
practice there is no such thing as a perfect membrane.

A certain amount of potential energy exists between
the two solutions on each side of the semipermeable
membrane, with the more dilute solution exhibiting the
higher potential energy level. Water, like everything -
else in nature, will flow from the solution with the
higher potential energy level (dilute solution) to the
solution with the lower potential energy level (more
concentrated solution). The highest energy level for
water is pure water; as solutes (i.e., impurities) are
added, the water becomes less pure and the energy
level of the water is reduced.

Due to this energy difference, water will flow from the
less concentrated solution to the more concentrated
solution until the system is in equilibrium. Equilibrium
will be reached when the differential head, Ah is

equivalent to the apparent, or differential, osmotic
pressure. This state of equilibrium can be expressed
as follows:
ah = (r, - 7)) = () (Eq.-1)
n, = Absolute osmotic pressure of less
concentrated (higher energy) solution.

T, = Absolute osmotic pr'essure of more
concentrated (lower energy) solution.

The absolute osmotic pressures, «r, and =, of the
solutions shown in Figures 1 and 2 are defined as the
potential energy difference between any solution and
pure water. Keep in mind the higher the purity, the
higher the potential energy. Remember that extremely
pure water has a very high potential energy level and

- is a very aggressive material. :

Reverse osmosis can be defined as the separation of

- ~one component of a solution from another component

by means of pressures exerted on a semipermeable
membrane. Usually, RO is used for the separation of
dissolved solids (solute) from water (solvent).
Referring to Figure 2, the addition of pressure energy
to the more concentrated solution will accomplish the
same thing as the differential head, and it will stop the
transport of water through the membrane when the
head pressure equals the Ar head. As more pressure
is applied, the water will flow from the concentrated
solution to the dilute solution, in effect, reversing
normal osmotic flow. The addition of pressure has
increased the energy level of the more concentrated
solution above the energy level of the less
concentrated solution. Water always flows from higher
energy to lower energy. In this case, the flow will be
from the more concentrated to the less concentrated.
The rate of water transport is a function of:

1. The pressure applied.

2. The apparent, or differential, osmotic pressure
between the solutions. (Differential osmotic
pressure is the difference between the absolute
osmotic pressures of the two solutions.)

3. Area and characteristics of the membrane.




4. The solution temperature.

Figure 2 - Reverse Osmosis
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Semiparmeable
/ membrane

Water flow

A reverse osmosis machine, regardiess of size of
complexity, can be conceptualized as the simple
“black box” shown in Figure 3.

C...= Concentration of Feed

C ,... = Concentration of Permeate
C_.= Concentration of Concentrate
C,,= Average Concentration Over the Membrane
Figure 3
/ Cavg

Membrane
Back-up Material

DEFINITION OF TERMINOLOGY

1. Total Dissolved Solids (TDS) The total organic and
inorganic material dissolved in the water expressed
as a concentration C (e.g. mg/L, ppm).

2. Feed. The solution which enters the system under
pressure with solute concentration=C__.
Example: C, , = 150 mgL TDS

3. Permeate. The solution (usually purified water)
which passes through the membrane and is
coliected for use. The solute
concentration=C__ .

4. Concentrate (brine. retentate). The solution which
exits from the system which has not passed
through the membrane. It is enriched in a particular

rejected material. The solute
concentration = C

conc’

5. Rejection. The percentage of dissolved material
which does not pass through the membrane.

6. Passage. The percentage of dissolved material
which does pass through the membrane.

7. Becovery. The ratio of permeate rate to feed rate:

Recovery = Permeate Rate
Feed Rate

Q)
Q)

8. Concentrate Concentration. The concentration of
the concentrate stream, or blow-by, as it exits the

machine. It is related to feed concentration and
recovery as follows:

Ceonc = —&lnd'—'
(1 - Recovery)

(Eq.-2)

(Eq. - 3)

(See Recovery example later in text.)

NOTE: This formula is based on the mass balance
(Qlud) Chod = (Qcon)Cmnc + (Opbrm)Cporm and
assumes that C__ = 0. This is an over-
simplification which assumes a “perfect”
membrane. It works satisfactorily when the
solute rejection is 95% or greater, but
severely distorts the true system when
solute rejections are less than 85%.

9. Average Conceniration, The average concentration
which the membrane is exposed to in the machine.
It is calculated by averaging the C,,andC .

Cos= Q'..d-;Qm

(Eq. - 4)
NOTE: Again, this is an over-simplification and has
the same restrictions as the above

equation. It tends to give a higher C,. than

what will actually occur and is therefore a
conservative estimate.

“Small OSMO systems operate at relatively low

recovery, typically less than 50%. The cost of higher
recoveries on small systems is not justifiable,
especially when the permeate quality is considered.
We design the systems to operate on a flow rate, Q,
through the sepralator (membrane element), of about
5 gpm (19 Lpm) in order to create turbulent flow. The
basic, once-through, recovery of a typical sepralator
that produces 10 gph (39 Lph) of permeate flow is
only:

10 gph
300 gph

=3%

This low recovery is increased by recirculating a
percentage of the concentrate Q,, that has passed





































