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 Ed Warner 
Senior Plant Manager 
 

Mailing Address 
Pacific Gas and Electric Company 
Colusa Generating Station 
P.O. Box 398 
Maxwell, CA 95955 
 
530.934.9061 
Fax: 530.934.9024 

CGS15-L-010 
March 3, 2015 
 
 
Eric Veerkamp 
California Energy Commission 
1516 Ninth Street, MS-2000 
Sacramento, CA  95814 
 
 
Reference: Colusa Generating Station 

  
 
 
Subject: Colusa Generating Station (06-AFC-9) 

Condition of Certification Soil and Water 10 – ZLD Management Plan 
 
Dear Eric: 
 
As a result of a routine audit of our Zero Liquid Discharge (ZLD) Management Plan, changes 
were made to adequately reflect the current operations and maintenance of the facility.  This 
updated plan is being submitted as required by Soil and Water-10 of our Final Commission 
Decision. 
 
Should you have any questions or comments please contact me at (530) 934-9007. 
 
  
Regards, 

 
 
Charles Price 
Senior Environmental Consultant 
 
  
 
cc: File No.  3.6.3.22 

Ed Warner, PG&E 
Sarah Gassner, PG&E 
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Introduction                                                                                   
 
The Colusa Generating Station was designed and built to have no process wastewater 
discharge.  The system is designed as a Zero Liquid Discharge (ZLD) system, such that most 
process water will be recycled within the plant, with a small amount evaporated or 
concentrated within the dryer.  The plant process wastewater system will collect wastewater 
from the CTG evaporative coolers, Heat Recovery Steam Generators (HRSG’s), water 
treatment system, chemical feed area drains, and general plant drains. 
 
Evaporative Cooler Blowdown and HRSG Blowdown water is sent to the demineralization 
water treatment system for reuse.  Reject water from the demineralizer is routed to the 
Crystallizer and press of the zero liquid discharge system.  Chemical feed area drainage 
consists of spillage, chemical tank overflows, and maintenance operations, and is collected in 
corrosion-resistant piping separate from the general plant drainage system.  The chemical feed 
area drainage is routed to ZLD Feed Tank, adjusted to neutral pH, and then routed to the  
Crystallizer and press of the ZLD. 
 
General Plant Drainage consists of wastewater collected by sample drains, equipment drains, 
equipment leakage, and area wash downs.  Wastewater collected in the general plant 
drainage is routed through an oily water separator with the effluent routed into the raw water 
tank for reuse. 
 
The process wastewater streams treated with the ZLD system are processed into a residual 
solid waste.  The solid waste will be disposed of in the appropriate class of landfill suitable for 
the constituent concentrations in the waste.  The ZLD system will be operated in accordance 
with the ZLD management plan.  The ZLD management plan includes the following elements 
as required by Condition of Certification Soil & Water – 10, of the Colusa Generating Station 
Final Commission Decision: 
 

• A Flow Diagram showing all water sources and wastewater disposal methods at the 
Colusa Generating Station. 

 
• A narrative of expected operation and maintenance of the ZLD system 
 
• A narrative of the redundant or back-up wastewater disposal method to be 

implemented during periods of ZLD system shutdown or maintenance. 
 
• A maintenance schedule. 

 
• A description of on-site storage facilities and containment measures. 

 
• A table identifying influent water quality 

 
• A table characterizing the constituent concentrations of the solid waste or brine and 

specifying the permit limits of the selected landfill. 
 
  



Flow Diagram                                                                                  
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CONCEPTUAL DESIGN

Colusa Generating Station Combined Cycle Project
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Rev Date By Checked Rev Date By Checked Rev
A 1/25/2008 S.O'Neill M.Casey B 4/7/2008 M.Casey S. Ruzze

Case (Heat Balance Case)
Duct Burning 

Status
Evaporative 

Cooler Status
Temperature 

°F
Relative 

Humidity (%)
Wet Bulb 

Temperature °F

Main Steam 
Flow at HRSG 

(pph) % Occurrence
A (1155) Off Off 59 60.0 51.56 912018 20%
B (1189) On On 94 25.4 67.96 1752568 30%
C (1159) On Off 59 60.0 51.46 1765002 20%
E (1195) Off On 114 20.0 77.81 903160
(1199) On On 114 20.0 77.81 1178258 30%

Case A Case C Case B Case E 1199 Startup
Stream 

No. Stream Description
@ 2% HRSG 

blowdown
@ 2% HRSG 

blowdown Full Wet SAC Full Wet SAC Full Wet SAC Case A
1 Influent from Canal 35 52 190 198 203 126

1A Microfiltration Product 34 51 184 192 197 122
1B Microfiltration Reject 1 2 6 6 6 4
2 Potable Water 5 5 5 5 5 5
3 Sanitary Waste 4 4 4 4 4 4
4 Eye Wash/Safety Shower Flow 1 1 1 1 1 1
5 Septic Waste to Leach Field 4 4 4 4 4 4
6 Ultrafiltration Feed Holding Tank 19 36 169 177 182 107
7 Evap. Cooler Blowdown 0 0 14 19 19 0
8 Evap. Cooler Evaporation 0 0 72 97 96 0
9 Ultrafiltration Feed 180 341 518 388 440 627
10 Ultrafiltration Reject 4 7 10 8 9 13
11 MF Filtrate 176 334 507 381 431 614
12 Evap Cooler Makeup 0 0 86 116 116 0
12a NOT USED
13 1st Pass RO Feed 67 122 121 66 84 199
14 1st Pass RO Reject 17 31 30 17 21 50
15 1st Pass RO Permeate 50 92 91 50 63 149
16 2nd Pass RO Reject 5 9 9 5 6 15
17 NOT USED
18 NOT USED
19 EDI Feed 45 83 82 45 57 134
20 EDI Effluent to Storage Tank 45 83 82 45 57 134
21 NOT USED
21a NOT USED
22 Cycle Makeup 45 83 82 45 57 134
23 Unrecovered Losses 4 7 7 4 5 12
24 Sampling Losses 5 5 5 5 5 5
25 HRSG Blowdown 36 70 70 36 47 118
26 Plant Washwater 10 10 10 10 10 10
27 ZD Distillate 20 37 44 29 34 63
28 Oil/Water Separator Effluent 10 10 10 10 10 10
29 Evaporator Feed 21 39 46 30 36 66
30 Cooled HRSG Blowdown 134 257 255 133 172 427
31 Vent Flashing Losses 17 30 30 16 21 49
32 Crystallizer Feed 1 2 2 2 2 3

Total Make Up to ZLDS 42 76 91 59 70 129
34 HRSG Blowdown Quench Water 109 211 210 108 141 353
35 Makeup to Wet SAC 90 90 90 62
36 Evaporation from Wet SAC 66 66 66 50
37 Blowdown from Wet SAC 24 24 24 12
38 Crystallizer Distillate 1 2 2 2 2 3
39 Yearly Average Total Make-up (acre-ft/year) 43 56 167 174 178 116

Operating Conditions: Assumptions: Evap Cooler COC 6
16 hrs/day UF Reject (% influent) 2%
6 days/week 1st Pass RO Reject (% influent) 25%
2 hrs/startup/day 2nd Pass RO Reject (% influent) 10%

EDI Bleed Stream (% influent) 10%
Unrecovered losses (% HRSG B 10%

40%

123 acre-ft/year 65%
Determined using full WSAC for Cases B and 1199 for 30% of the year respectively. Sanitary Waste (gpm) 4
The remainder was determined with Cases A and C for 20% of the year respectively with no wet cooling. Eye Wash/Safety Shower Flow (g 1

Sampling Losses (gpm) 5
Plant Washwater (gpm) 10
Full WSAC Makeup (gpm) 90
Partial WSAC Makeup (gpm) 35
Percent HRSG BD 2%

3%
Notes: 5%

1.) Values in BOLD text are from Heat Balance, COLS-1-LI-021-0001 Rev D, 3/13/2008

MF Reject
Startup BD

OVERALL AVERAGE YEARLY TOTAL MAKE UP:
ZLD Steam requirement 
(% Evaporator influent flow)

Blowdown flash (% Sampling + 
HRSG BD)

Values are daily average values in gpm unless otherwise noted
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Colusa Raw Water/Fire Water Storage Tank Size:
Per the scope book, the tank must store enough water for a 12 hour outage of makeup water.
The maximum flow is defined by the calculation to be

203 gpm
12 hours

The mimimum volume of raw water which must be stored is
150000 gallons

If the storage time is increased to 16 hours, the volume of raw water which must be stored is
16 hours

200000 gallons
Adding Fire Water, Raw water Fire Water Storage tank must be:

800,000 gallons

Filtered Water Storage Tank Size:
The maximum flow is defined by the calculation to be

122 gpm
48 hours

The mimimum volume of filtered water which must be stored is:
360,000 gallons

Demineralized Water Storage Tank Size:
The maximum flow is defined by the calculation to be

83 gpm
48 hours

The mimimum volume of Demin water which must be stored is:
240,000 gallons
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Expected Operation and Maintenance of the ZLD System            
 
The ZLD system Operations and Maintenance will be conducted as specified in Aquatech’s 
Operation and Maintenance manuals.  These manuals have been included as Attachment 1 
and 2 of this plan. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Back-up Wastewater Disposal Plan                                               
 
The ZLD system is designed with two redundant systems.  In the event of a complete system 
breakdown or scheduled shut down the Colusa Generating Station has on-site holding sumps 
that can be employed for water storage.  Once the ZLD system is up and running that water 
will be processed accordingly.  If the limits of water storage are reached an outage would be 
scheduled until the system could be brought back on-line.  Under no circumstances will 
processed wastewater be discharged to ground, the sanitary, or stormwater systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Maintenance Schedule                                                                 
 
Daily Maintenance 
Daily rounds will be conducted on all components of the water treatment and ZLD systems.  
These rounds will include verifying appropriate fluid levels, temperatures, and pressures.  
Rounds will also include listening for abnormal sounds, vibrations, and leaks.  Chemistry is 
also verified on rounds.  Should any abnormal conditions be identified during daily rounds, it 
will either be adjusted at that time or a notification shall be written to resolve the condition. 
 
 
Flash Tank 
 
Annually 
  

• Drain, flush and chemically or mechanically clean the Flash Tank 
• Retain labeled and dated samples of mist eliminator scale and sump scale for 

analysis. 
• After cleaning, inspect the interior for structural integrity of welds, signs of corrosion 

or erosion. 
• Examine the condition of sealing surfaces at the manway opening.  Repair surfaces 

and replace gasketing as necessary. 
• Clean and inspect the mist eliminator for integrity. 

 
•  

 
Forced Circulation Heat Exchanger (FCHX) 
 
Annually 
 

• Drain, flush and chemically or mechanically clean the tubeside of the FCHX. 
• After cleaning, inspect the interior for structural integrity of welds, signs of corrosion 

or erosion. 
• Inspect each tube hole for pluggage. 
• Examine the sealing surfaces of in/out channel and return channel.  Repair surfaces 

and replace gasket as necessary. 
 
Vapor Compressor 

1.  
 
Annualy 
 

• Change compressor lube unit oil (or analyze).  Use only recommended oil type. 
• Change compressor lube unit oil filters 
• Clean shaft seal air filter and clean strainer dewatering unit. 
• Clean compressor motor air filter and recharge with correct adhesive before 

reinstalling. 



• Inspect the rotary lobes for signs of wear, corrosion, rubbing and cracking. 
• Turn the rotary lobes by hand and verify that the rotary loves rotate freely without 

any unusual noises. 
• Clean off any scale on the impeller with brass brush and steel wool. 
• Check and tighten all wiring connections. 
• Check and tighten all air connections and valves. 
• Inspect couplings for wear and alignment. 
• Check vapor compressor bearing seals for signs of wear, replace as required. 
• Inspect and clean compressor motor stator windings. 
• Check and record compressor motor insulation resistance. 
• Inspect couplings and check alignment. 
• Inspect shaft seal. 
• Re-grease pump motor bearings. 
• Drain the oil sumps, thoroughly clean, and inspect condition of interior paint finish. 
• Inspect and clean lube oil coolers. 
• Check operation and calibration of all gauges, indicators, switches, and monitoring 

devices. 
 
Long Term (greater than 30 days) Shut Down 
 

• Operate compressor once per month for a period of at least 10 minutes to 
thoroughly coat all parts with oil. 

• Rotate compressor shafts at least once per month. 
• Bearing journals and all bare metal parts should be flushed with rust inhibiting oil. 
• Motor windings should be inspected periodically by checking insulation resistance. 
• Check manufacturer literature for any addition recommendations. 
• Before reactivating the compressor it should be thoroughly cleaned, inspected for 

rust and corrosion.  Oil and grease should be renewed. 
 
 
Forced Draft Decarbonator 
 
Annually 
 

• Drain, flush and chemically or mechanically clean the tank to rempve any scales that 
may have deposited with use. 

• Inspect structural integrity. 
• Inspect for wear. 

 
 
Centrifugal Pumps 
 
 
Semi-Annual 
 

• Replace pump bearing lube oil after 2000 operating hours.  Use only recommended 
oil type. 

• Check baseplate bolting for tightness. 



• Inspect couplings for wear and alignment. 
• Check pump mechanical seals, adjust or replace as necessary.  Check shaft of 

sleeve for scoring. 
• Verify tightness of piping connections, equipment connections, flanged joints and 

threaded joints. 
 

•  
 
Miscellaneous Tanks & Vessels 
 
Annually 
 

• Inspect structural integrity. 
• Inspect for corrosion or erosion. 
• Clean scale and sludge deposits. 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



On-site Storage/Containment                                                       
 
Solid Waste Generated by the ZLD system will be stored in roll off binsand dumped 
periodically.  The containers will either have covers or be tarped prior to any forecasts of 
precipitation.  Based on process knowledge, lab analytical and the constituent concentrations 
estimated by Aquatech, there is no reason to believe that the solid waste will be hazardous 
and therefore will not have secondary containment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Influent Water Quality                                                                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Constituent Concentrations                                                          
 
 
Aquatech calculated the dry solid composition of the cake to be the following: 
 
Calcium:  12.2% 
Magnesium:      3.5% 
Sodium:  10.8% 
Potassium:      1.5% 
Bicarbonate:       1.3% 
Sulfate:   44.8% 
Chloride:   15.4% 
Fluoride:  <0.1% 
Nitrate:        1.0% 
Silica (as SiO2):     9.5%  
 
 
 
The material will be disposed of at Ostrom Road Landfill owned and Operated by Recology.  I 
have included the permit limits for the disposal facility. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Attachment 1             Operations Plan                                                                        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



















































Attachment 2                      Maintenance Plan                                                           
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