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ZENON STANDARD TERMS AND CONDITIONS 
Seller desires to provide its Customers with prompt and efficient 
service. However, to negotiate individually the Terms and 
Conditions of each Sales contract would substantially impair 
Seller's ability to provide such service. Accordingly, Products and 
Services furnished by Seller are sold only on the Terms and 
Conditions stated herein. Notwithstanding any terms or conditions 
on Customer's order, Seller's performance of any contract is 
expressly made conditional on Customer's agreement to Seller's 
Terms and Conditions of Sale unless otherwise specially agreed to 
in writing by Seller. [n the absence of such agreement. 
commencement of performance andlor shipment shall be for 
Customer's convenience only and shall not be deemed or construed 
to be acceptance of Customer's Terms and Conditions, or any of 
them. If a contract is not earlier formed by mutual agreement in 
writing. acceptance of any Product or Service shall be deemed 
acceptance of the Terms and Conditions stated herein. All contracts 
for the Sale of Products shall be construed under and governed by 
the law of the location of Seller's plant at Burlington, Ontario, 
Canada. 

QUOTATION AND PRICES 
All quotations are subject to the Terms and Conditions stated 
herein as well as any additional Terms and Conditions that may 
appear on the face hereof. [n the case of a conflict between the 
Terms and Conditions stated herein and those appearing on the face 
hereof, the latter shall control. Seller's prices and quotations are 
subject to the following: 

a) All published prices are subject to change without notice. 

b) UNLESS OTHERWISE SPECIFIED IN WRITING, ALL 
QUOTATIONS EXPIRE THIRTY (30) DAYS AFTER 
DATE THEREOF, MAY BE TERMINATED EARLIER 
BY NOTICE AND CONSTITUTE ONLY 
SOLICITATIONS FOR OFFER TO PURCHASE; further, 
budgetary quotations and estimates are for preliminary 
informatIon only and shall neither constitute offers, nor impose 
any obligation or liability upon Seller. 

c) Unless otherwise stated in writing by Seller. all prices quoted 
shall be exclusive of transportation, insurance, taxes (including, 
without limitation, any sales, use, or similar tax, and any tax 
levied on or assessed to Seller after Product shipment by reason 
of Seller's retention of a security interest as provided herein), 
license fees, customs fees, dutIes and other charges related 
thereto and Customer shall report and pay any and all such 
shipping charges, premiums, taxes, fees, duties and other 
charges related thereto, and shall hold Seller harmless 
therefrom, provided that, if Seller, in its sole discretion, 
chooses to make any such payment, Customer shall reimburse 
Seller in full upon demand. 

d) Stenographic, typographical and clerical errors are subject to 
correction. 

e) Prices quoted are for Products only and do not include 
technical data, proprietary right of any kind. patent rights, 
qualifIcation, environmental or other than Seller's standard 
tests and other than Seller's normal domestic commercial 
packaging unless expressly agreed to in writing by Seller. 

f) Published weights and dimensions are approximate only. 
Certified dimension drawings can be obtained upon request. 
Manuals. drawings or other documentation required hereupon 
must be referenced specifically. 

This is merely a quotation. and the technology disclosed herein m,ay 
be covered by one or more ZENON Environmental Inc. (ZENON) 
patents or patent applications. Any disclosure in this offer does not 
hereby grant. and nothing contained in the offer shall obligate 
ZENON to grant, an option to obtain a license to any technology or 
any other nghts under any patent now or hereafter owned or 
controlled by ZENON. 

TERMS OF PA YMENT 
Unless credit is granted or otherwise specified in writing. payment 
is due upon shipment. All payments on approved credit accounts 
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shall be due in full thirty (30) days From date of invoice. Past due 
balances shall be subject to a service charge of 1-1/2% per month 
(18% per annum), but not more than the amounts allowed by law. 
Partial shipments will be billed as made and payments therefor are 
subject to the above terms. Payment shall not be withheld for delay 
in delivery of required documentation unless a separate price is 
stated therefor. and then only to the extent of the price stated for 
such undelivered documentatIon. Seller may cancel or delay delivery 
of Products in the event Customer frnls to make prompt payment 
therefor. or in the event of an arrearage in Customer" s account with 
Seller. Seller hereby retains a security interest in the Products 
finished until Customer has made payment in full in accordance with 
the terms hereof. Customer shall cooperate fully with Seller to 
execute such documents and to accomplish such filings andlor 
recordings thereof as Seller may deem necessary for the protection of 
Seller's mterest in the Products furnished. 

TRANSPORTATION AND RISK OF LOSS 
Transportation will normally follow Customer's shipping 
instructions. but Seller reserves the right to ship Products freight 
collect and to select the means of transportation and routing when 
Customer's instructions are deemed unsuitable. Unless otfierwise 
advised, Seller may insure to full value of the Products or declare 
full value thereof to the transportation company at the time of 
shipment and all freight and insurance costs shall be for Customer's 
account. Risk of loss andlor damage shall pass to Customer at the 
FOB point. which shall be the point of manufacture or such other 
place as Seller shall specify in writing, notwithstanding installation 
by or under supervision of Seller. Confiscation or destruction of. or 
damage to, Products shall not release. reduce or in any way affect the 
liabihty of Customer therefor. All Products must be inspected upon 
receipt and claims should be filed with the transportation company 
when there is evidence of shipping damage, eIther concealed or 
external. Notwithstanding any defect or nonconformity. or any other 
matter. risk or loss andlor damage shall remain with the Customer 
until the Products are returned at Customer" s expense to such place 
as Seller may designate in writing. Customer. at its ex!?ense, shall 
fully msure Products agamst all loss andlor damage untIl Seller has 
been paid in full therefor, or the Products have been returned, for 
whatever reason, to Seller. 

PERFORMANCE 
Seller will make all reasonable effort to observe its dates indicated 
for performance. However, Seller shall not be liable in any way 
because of any delay in performance hereupon due to unforeseen 
circumstances or to causes beyond its control. including, without 
limitation, strike, lockout. riot, war, fire, act of God, accident, failure 
or breakdown of components necessary to order completion, 
subcontractor, supplier or customer caused delays, inability to obtain 
or substantial rises in the price of labour. matenals or manufacturing 
facilities, curtailment of, or failure to obtain sufficient, electrical or 
other energy supplies, or compliance with any law, regulation or 
order. whether valid or invalid of any cognizant governmental body 
or any instrument thereof whether now existing or hereafter created. 
Performance shall be deemed suspended during. and extended for, 
such time as any such circumstances or causes delay its execution. 
Whenever such circumstances or causes are remedIed. Seller will 
make. and Customer shall accept. performances hereupon. In 
addition. Seller's inventories and current production must be 
allocated so as to comply with applicable Government regulations. 
In the absence of such regulations. Seller reserves the right. in its 
sale discretion. to allocate inventories and current production and 
substitute suitable materials when, in its opinion. such allocation or 
substitution is necessary due to such circumstances or causes. No 
r.enalty clause of any kind shall be effective. As used herein, 
'performance" shall include, without limitations. fabrication, 

shipment. delivery. assembly. installation, testing. and warranty 
repair or replacement as applicable. 

ACCEPTANCE 
The furnishing by Seller of a Product to the Customer shall 
constitute acceptance of that Product by Customer, unless notice of 
defect or nonconformity is received by Seller within thirty (30) days 
of receipt of the Product at Customer's designated receiving address; 
provided that, for Product for which Seller agrees in writing to 
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!rform acceptance testing after installatIOn, the completion of 
... eller's apphcable acceptance tests, or execution of Seller's 
acceptance form by Customer, shall constitute acceptance of the 
Product by Customer. Notwithstanding the foregoing. any use of a 
Product by Customer, its agents. employees. contractors or 
licensees for any purpose, after receipt thereof. shall constitute 
acceptance of that Product by Customer. Seller may repair or, at its 
option, replace defective or non-conforming parts after receipt of 
notice of defect or nonconformity. 

ASSIGNMENTS AND TERMINATIONS 
Any assignment by Customer of any contract hereupon without the 
express written consent of Seller is void. No order may be 
terminated by Customer except by mutual agreement in wnting. 
Terminations by mutual agreement are subject to the following 
conditions: 

a) Customer will pay, at applicable contract prices, for all 
Products which are completely manufactured and allocable to 
Customer at the time of Seller's receipt of notice of 
termination. 

b) Customer will pay all costs, direct and indirect. which have 
been incurred by Seller with regard to Products which have not 
been completely manufactured at the time of Seller's receipt of 
notice of termination. 

c) Customer will pay a termination charge on all other determined 
costs and other charges. To reduce termination charges, Seller 
will divert completed parts, material or work-in-process from 
terminated contracts to other Customer's whenever, in Seller's 
sale discretion, it is practicable to do so. 

PATENTS AND OTHER INDUSTRIAL PROPERTY 
RIGHTS 
Seller will hold Customer harmless, as set forth herein. in respect to 
any claim that the design or manufacture of any Product in Seller's 

_commercial line of Products, or manufactured to speCifications set 
y Seller and furnished herein, constitutes an infringement of any 
atent or other industrial property rights of the United States or 

Canada. Seller will pay all damages and costs, either awarded in a 
suit or paid. in Seller's sale discretion, by way of settlement, which 
are based on such claim of infringement, provided that Seller is 
notified promptly in writing of such claim of infringement but there 
is no liability whatsoever fierein with respect to any claims settled 
by Customer without Seller's prior written consent. In the event 
that Seller is required to hold Customer harmless hereupon, Seller 
will, in its sale discretion and at its own expense. either procure for 
Customer the right to continue using said Product. replace it with a 
non-infringing product, or remove it and refund an equitable 
portion of the selling price and transportation costs thereof. THIS 
SHALL CONSTITUTE SELLER'S ENTIRE LIABILITY FOR 
ANY CLAIM BASED UPON OR RELATED TO ANY 
ALLEGED INFRINGEMENT OF ANY PATENT OR OTHER 
INDUSTRIAL RIGHTS. Customer shall hold Seller harmless 
against any expense, loss, costs or damages resulting from claimed 
infringement of patents, trademarks, or other industrial property 
rights arising out of compliance by Seller with Customer's deSIgns, 
specifIcations. or instructions. SELLER DISCLAIMS 
LIABILITY FOR U.S. OR CANADIAN PATENT OR 
COPYRIGHT INFRINGEMENT ARISING FROM USE OR 
MANUFACTURE BY ANYONE OF INVENTIONS IN 
CONNECTION WITH PRODUCTS OR SERVICES SOLD, 
USED, OR INTENDED FOR SALE OR USE, IN 
PERFORMING CONTRACTS WITH THE UNITED STATES 
OR CANADA. 

WARRANTY 
l. Unless otherwise agreed to in writing, Seller warrants its 

Products to be free from defects in matenal or workmanship for 
a period of 12 months from the shipment of Product by Seller, 
provided that such Product are used, cleaned and maintained in 
accordance with the Seller's instructions. This warranty does 
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not apply to normally replaceable parts or components such as 
filter cartridges. pump seals. membranes etc .. (see below for 
membrane warranties). 

2. Customer undertakes to give immediate notice to Seller if goods 
or performance appear defective and to provide Seller with 
reasonable opportunity to make inspections and tests. If Seller is 
not at fault. Customer shall pay Seller the costs and expenses of 
the inspections and tests. 

3. Seller's obligations under this warranty is limited to the repair or 
replacement at lis factory, or any device or part thereof which 
shall prove to have been thus defective. If Customer asks Seller 
to replace defective parts at Customer's premises. Customer 
agrees to pay for any traveling time and expenses. plus the 
Seller's labour to complete the replacementJrepair. 

4. Goods shall not be returned to Seller without Seller's 
permission. Seller will provide Customer with a "Return 
Material Authorization" number to use for returned goods. All 
returns are F.O.B. - Burlington, Ontario, Canada. 

5. Warranty on the membranes applies only if the membrane 
element(s) has been operated and cleaned according to Seller's 
instructions. When eitfier permeate or concentrate flow drops by 
10% from the original rates at the same op'erating conditions, 
cleaning must be initiated or the warranty WIll be null and void. 
Elements must be clean and be kept moist. They should be 
shipped to Seller in water-tIght bags and must be protected from 
freezing. WARNING - if element conditions a use given in 
Seller's instructions are not followed. the warranty wiir be null 
and void. 

IMPLIED WARRANTIES, INCLmHNG, BUT NOT LIMITED 
TO, WARRANTIES OF FITNESS FOR PARTICULAR 
PURPOSE, USE, OR APPLICATION, AND ALL OTHER 
OBLIGATIONS OR LIABILITIES ON THE PART OF THE 
SELLER, UNLESS SUCH OTHER WARRANTIES, 
OBLIGA TIONS OR LIABILITIES ARE EXPRESSLY 
AGREED TO IN WRITING BY SELLER, ARE NULL AND 
VOID. 

DAMAGES AND LIABILITY 
SELLER'S LIABILITY FOR DAMAGES SHALL NOT 
EXCEED THE PAYMENTbIF ANY, RECEIVED BY SELLER 
FOR THE UNIT OF PRO UCT OR SERVICE FURNISHED 
OR TO BE FURNISHED, AS THE CASE MAYBE, WHICH IS 
THE SUBJECT OF CLAIM OR DISPUTE. IN NO EVENT 
WILL SELLER BE LIABLE FOR INCIDENTAL, 
CONSEQUENTIAL OR SPECIAL DAMAGES, OF ANY 
KIND, HOWEVER CAUSED, ARISING OUT OF, OR IN ANY 
WAY CONNECTED WITH, THE PRODUCTS FURNISHED 
BY SELLER TO CUSTOMER. 

DISPUTES 
All disputes under any contract concerning Products not otherwise 
resolved between Seller and Customer shalr be resolved in a court of 
competent jurisdiction for the location of Seller's Jlant at 
Burhngton. Ontario, Canada, and no other place. Provide that, in 
Seller's sale discretion, such action may be heard in some other 
place designated by Seller, if necessary to acquire jurisdiction over 
third persons. so that the dispute can be resolved in one action. 
Customer hereby consents to the jurisdiction of such court or courts 
and agrees to appear in any such action upon written notice thereof. 
No action. regardless of form arising out of, or in any way connected 
with, the Products or Services furnIshed by Seller, may be brought 
by Customer more than one (I) year after the cause of action fias 
occurred. If any part, provision or clause of the Terms and 
Conditions of Sale, or the application thereof to any person or 
circumstances. is held invalid. void or unenforceable, such holding 
shall not affect and shall leave valid all other parts. provisions, 
clauses or applications of the Terms and Conditions remaining. and 
to this end tne Terms and Conditions shall be treated as severable. 
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2.0 ZENOGEM® PROCESS DESCRIPTION 

z 

The ZenoGem® Process is a proprietary ZENON technology that consists of a suspended growth 
biological reactor integrated with a microfiltration membrane system, based on the ZeeWeed® hollow 
fibre membrane. Essentially, the microfiltration system replaces the solids separation function of 
secondary clarifiers and sand filters in a conventional activated sludge system. 

The ZeeWeed® microfiltration membranes are typically submerged in the aeration tank, in direct 
contact with the mixed liquor. Through the use of a suction duty pump, a vacuum is applied to a header 
connecting the membranes. The vacuum draws the treated water through the hollow fibre 
microfiltration membranes and into the pump. Treated water is then discharged by the pump. The 
energy associated with penneate pumping is relatively small. An airflow is introduced to the bottom of 
the membrane module producing turbulence which scours the external surface of the hollow fibres 
transferring rejected solids away from the membrane surface. This airflow also provides a large portion 
of the process biological oxygen requirements; the remainder is provided by a diffused aeration system. 
Waste sludge is pumped directly from the aeration tank. 

The ZenoGem® technology effectively overcomes the problems associated with poor settling of sludge 
in conventional activated sludge processes. The ZenoGem® technology pennits bioreactor operation 
with considerably higher mixed liquor solids concentrations than conventional activated sludge systems 
which are limited by sludge settling. The ZenoGem® process is typically operated at a mixed liquor 
suspended solids (MLSS) concentration in the range of 8,000 to 12,000 mgIL. The elevated biomass 
concentrations allow for highly effective removal of both soluble and particulate biodegradable material 
in the waste stream. The ZenoGem® process combines the unit operations of aeration, secondary 
clarification and filtration into a single process, simplifying operation and greatly reducing space 
requirements. 

Since the ZenoGem® process can be operated at elevated MLSS concentrations, extended solids 
retention times (SRTs) are readily attainable. Accurate SRT control is very simple since no solids are 
lost in the effluent. Many municipal ZenoGem® plants are operated with SRTs exceeding 25 days. 
These extended SRTs ensure complete nitrification even under extreme cold weather operating 
conditions. At extended SRTs, sludge yields can be considerably less than conventional aerobic 
processes, due to endogenous decay. 

The ZenoGem® process is readily adapted for denitrification if total nitrogen removal is required. The 
elevated levels of biomass become readily anoxic in the absence of aeration, ensuring high 
denitrification rates. An upstream anoxic zone and mixer readily accommodates denitrification; this can 
be incorporated in the ZenoGem® tank design. 

The ZenoGem® process is ideally suited for phosphorus removal, where required. Through the addition 
of metal salts such as alum or ferric chloride to the raw wastewater or mixed liquor, soluble phosphorus 
in the waste stream can be precipitated. The ZeeWeed® membranes have a pore size that provides an 
absolute barrier to the discharge of precipitated phosphorus. The phosphorus is retained in the mixed 
liquor and removed with the waste activated sludge. The ZenoGem® process can reliably achieve 
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significantly lower effluent phosphorus concentrations than conventional municipal treatment 
processes, 
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3.0 ZENOGE~ ADVANTAGES 

Effluent Quality 

z 

Depending on the specific application and design requirements, a ZenoGem® plant can achieve either 
high quality nitrified effluent or with the addition of an anoxic zone, high quality denitrified effluent. 
Phosphorus removal is readily achieved through the addition of metal salts to the feed wastewater or 
mixed liquor. Typically, ZenoGem® systems are capable of achieving the following effluent qualities. 

BOD 
TSS 
TN 

TP 
Turbidity 
Total Coliforms 
Faecal Coli forms 

< 2 mg/L Note I 

< 2 mg/LNote 1 

< 10 mg/LNote I (cool climate) 
< 3 mg/LNote I (hot climate) 

<0.1 mg/L 
< 1 NTU 
< 100 cfuJ 100 mL 
< 20 cfuJ 100 mL 

Note 1: The information provided in this section of the proposal is general only and is intended 
only to indicate what is the ZeeWeerlZenoGem@ Membrane Wastewater Treatment 
Technology is capable of achieving. For the specific design treated wastewater quality, 
based on the consideration of specific raw wastewater characteristics and the required 
discharge criteria for the treated effluent, refer to Section 4.0. 

Compact Plant 

The ZenoGem® process can operate at mixed liquor suspended solids (MLSS) concentrations in the 
range of 8,000 to 12,000 mg/L, which is substantially greater than conventional activated sludge 
processes. This allows for conventional organic loading rates to be achieved with much lower hydraulic 
residence times. In addition, the ZenoGem® process requires a single tank in which aeration and solids 
separation are both achieved. If required, sludge digestion can also be accomplished in this tank. This 
single stage process results in an overall plant footprint substantially smaller than conventional tertiary 
wastewater treatment plants. 

Expandability 

Since the ZenoGem® equipment is modular in nature, plant expansion can be phased. Civil works can 
be designed for ultimate flow while membranes are added in phases as plant operating capacity dictates. 

Simple Operation 

Since the ZenoGem® process uses membranes to perform solid/liquid separation, there is no 
requirement for sludge to settle and thus no need for a secondary clarifier or polishing filters. Sludge is 
wasted directly from the aeration tank at a solids concentration in the range of 1.5 to 2.0 percent solids. 
The result is a single system which is simple to operate. 
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Lower Sludge Yield 

z 

The ZenoGem® plant can be operated at extended solids retention times (SRTs) allowing for lower net 
solids yields than conventional municipal treatment processes. 

Process Reliability 

Since the ZenoGem® plant is typically operated at low organic loading rates and the membrane provides 
an absolute bamer to particulate discharge, ZenoGem® effluent quality is not susceptible to hydraulic or 
organic surges which can negatively affect effluent quality in conventional activated sludge and fixed 
film plants. At periods of low flow (and organic load), the sludge within the reactor basin simply 
digests itself, without affecting the effluent quality. 

Advantages of an "Outside-In" Membrane 

a) Resistance To Fouling 
The ZeeWeed® membrane is an outside-in membrane where the flow of water is from the outside of 
the membrane to the inside of the hollow fibre, meaning that the inside only sees clean, micro­
filtered water. The bacteria and inert solids to be removed from the wastewater remain outside the 
membrane and never enter the membrane to cause fouling. 

b) Low Energy 
Being immersed allows for the operation of the ZeeWeed® membrane under a slight vacuum 
(suction) instead of under positive pressure like other membranes on the market. The ZeeWeed® 
membrane operates under a vacuum of between -2 to -8 psi. The pump energy requirements to 
achieve this vacuum are relatively small. 

Exceptional Membrane Durability 

The ZeeWeed® membrane has been designed for exceptional durability and resistance to breakage. To 
achieve this high level of membrane durability ZENON utilizes a patented internal support to which the 
membrane is bonded. This support strengthens the membrane and protects it against tearing and 
breakage without reducing its flux capacity. 
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4.0 ZENOGEM® PLANT 

z 

The proposed ZenoOem® plant is designed to continuously treat an average daily flow of 8.5 MOD. The 
ZenoOem® plant is a six (6) train system and the capacity of each parallel train is .1.417 MOD. 

The ZenoGem® plant is capable of producing an effluent meeting or exceeding the following criteria: 

Design Parameters 

Firm Capcity Flow 

Parameter 
BOD 
TSS 
TKN 
TN 
TP 
Wastewater Temperature 

Equipment Selection 

8.5 

Influent 

MOD 

Effluent 
200 mg/L :52 mg/L 
150 mg/L :52 mg/L 
46 mg/L :53 mg/L 
46 mg/L :517 mg/L 

9 mg/L :51 mg/L 
~20 °C ~20 °C 

The main process equipment for the ZenoOem® plant, including permeate pumping equipment, 
membrane air scour blowers and supplemental aeration blowers, CIP membrane cleaning system, air 
extraction system, controls and other miscellaneous items, is designed for installation within equipment 
buildings (equipment buildings not included in ZENON's scope of supply). 

The sizing of the main process equipment selected is as follows. Section 5.0 gives further details of the 
equipment items included by ZENON for this project. 

Bioreactor (Process) Tank(s) 

The bioreactors will consist of concrete tanks (concrete tanks not in ZENON's scope of supply). Six (6) 
individual process streams are required, each with the minimum dimensions of 160 ft long x 20 ft wide 
x 17 ft high (15 ft SWD). Each process tank will have an anoxic/aerobic and an aerated membrane zone 
separated by a baffle (baffle not included in ZENON's scope of supply). 

Membrane cassettes will be supported by structural steel beams that will span between the concrete 
walls of the process tanks and will use the concrete walls as supports. 

Process Tanks 

Total Bioreactor Volume 
Design HRT 
Number of Membrane Trains 
Number of Bioreactor Tanks 
Volume of Each Bioreactor 
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2.154 MUS gallons 
6 hours 
6 
6 

359,000 US gallons 
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Length of Each Bioreactor 
Width of Each Bioreactor 
Side Water Depth of Bioreactor 

160 ft 
20 ft 
15 ft 

z 

Note: Process tanks may be of concrete construction or fabricated steel tanks, whichever suits the 
client's preferences and are not included in ZENON's scope of supply. 

Tank dimensions are preliminary only and may change slightly once final detail design commences. 

VN -500 Micro-Filtration Membrane Modules 

Membrane Design Flux 
Rate 
Minimum Design Liquid 
Temperature 
# Membrane Modules 
# Membrane Cassettes 

11.55 gfd at Fixed Capacity Daily flow 

20°C 

1104 
138 (8 modules per Cassette) 

ZENON is committed to continuous development and invests continuously in research to develop better 
and higher flux membranes. For this reason ZENON reserves the right to change the number of 
membranes in its design, if by way of membrane technology improvements the permeability or 
operating flux rates of the membranes have been improved. This does not change the warranty since 
ZENON guarantees the design flow capacity and the operational performance of the membrane system. 

Aeration System 

The design air flow required for the fine bubble aeration system used with the ZenoGem® plant is 
approximately 5,550 scfm at the plant design capacity. 

Aeration Blowers 

Three (3) aeration blowers are included - two duty blower and one common stand-by unit. Each blower 
has a design capacity of 2,775 sefm. The aeration blowers are equipped with variable frequency drives 
(VFDs) to allow air delivery and dissolved oxygen levels in the wastewater to be controlled according 
to the system air requirements. 

Membrane Air Blowers 

Four (4) blowers are included for the membrane air scouring - four duty blower and one common stand­
by unit The total required capacity of membrane air scouring is approximately 21,983 scfm. Each 
blower has a design capacity of 7,328 sefm. 

Permeate Pumps 
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z 
Seven (7) penneate pumps are included - six duty pumps and two shelf spares. Each pump is designed 
for a maximum penneate flow of 1,110 USgpm. The pumps will also provide backpulse flow at 2,880 
USgpm The speed of the penneate pumps is controlled via VFD units according to the liquid level in 
the bioreactor tanks. 

Sludge Recirculation Pumps 

Seven (7) sludge recirculation pumps are included - six duty pumps and one shelf spare. Each pump is 
designed for a flow of 3,395 USgpm. The recirculation pumps are provided with VFD units to allow 
flow variation to allow optimization of the system process perfonnance. 

Sludge Wasting Pumps 

Seven (7) sludge wasting pumps are included - eight duty pumps and one shelf spare. Each pump is 
designed for a flow of 207 USgpm. 

Miscellaneous 

No influent screening facilities are included. There must be existing screening and/or primary 
clarifiers upstream of what will become the ZenoGem® aeration (bioreactor) tanks. The screening 
equipment must be capable of screening particles down to 3.0 mm to prevent hair and other 
stringy materials from tangling with the membranes. 

Equipment Installation cost is not included. 
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5.0 MAJOR EQUIPMENT 

z 

The list below summarizes the major equipment and the quantities of items included for the ZenoGem® 
plant design. 

SCOPE OF SUPPLY SYNOPSIS 
for the ZenoGem® Plant 

Item Size Units Quanti!!. 
Raw Wastewater Feed 

Raw Influent Feed Pumps Not Incl. 
Inlet & Discharge Isolating Valves Not IneL 
Discharge Check Valves Not Incl. 
Piping Manifold Not IneL 
Wet Well Level Switches Not IncL 
VFD's Not IncL 

Raw Water Screening 
Raw Influent Screen Not Incl. 
Raw Influent Grinder Not Incl. 
Raw Influent Flowmeter Not Incl. 
Raw Influent Flow Control Flowmeter Not IncL 
Raw Influent Flow Control Valve Not Incl. 

MembraneslMembrane Cassettes 
Individual Membrane Modules 1,104 
Membrane Cassettes 138 

Process Tanks & Frames 
Membrane Support Beam(s) Included 
Process Tanks Not Inc!. 
Permeate Collection Headers 6 
Air Scour Headers 6 

Permeate Pumps 
Permeate Pumps 1,110 USgpm 7 
VFD's 50 HP 6 
Piping Manifold Not Incl. 
Valves Incl. 

Air Extraction System 
Air Removal Separation Columns 6 
Vacuum Pumps 22 sefm 3 

Backpulse System 
Backpulse Water Storage Tank 5,160 gallons 2 
Hypochlorite Storage Tank 106 _gallons 1 
Hypochlorite Feed Pumps 6.08 USgghr 3 
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Item 
DIP Tank Cleaning System 

DIP Tank 
Chemical Wash Pump 
Monorail & Pulley/Hoist for membrane removal 

Sludge Recirculation 
Sludge Recirculation Pumps 
Inlet & Discharge Isolation Valves 
Discharge Check Valves 
Piping 
VFD's 

Sludge Wasting 
Sludge Wasting PulTlp~ 
Inlet & Discharge Isolation Valves 
Discharge Check Valves 
Piping 
VFD's 

Air Blowers 
Membrane Air Scour Blowers inc!. Silencers 

Inlet & Discharge Isolation Valves 
Discharge Check Valves 
Inlet Control Valves 

Aeration System Blowers inc!. Silencers 
Inlet & Discharge Isolation Valves 
Discharge Check Valves 
VFD's 

Biological Aeration System 
Fine Bubble Diffuser System 

Phosphorus Removal System (if required) 
Chemical Storage Tank 
Chemical Feed Pumps 

Instruments 
Permeate Flowmeters 
Permeate Header Pressure Transducers 
Process Tank Level Transmitters 
Process Tank Level Switches 
Dissolved Oxygen Sensors 
pH Transmitters 
Turbidimeters 
Turbidimeter Calibration Kits 

CONFIDENTIAL 

z 

Size Units Quantity 

Not Incl. 
Incl. 

Not Incl. 

3,935 USgpm 7 
N/A 
N/A 

Not Inc!. 
2.5 HP 6 

206.6 USgpm 7 
6 
6 

Not Incl. 
N/A 

7,328 sefm 4 
4 
4 
4 

2,775 sefm 3 
3 
3 

200 hp 3 

Inc!. 

9,600 USg 1 
112 USgphr 2 

6 
6 
6 

48 
6 

N/A 
6 
1 
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City of McAllen. Texas Wastewater Treatment Plant 
Budget Proposal #374-98 Rev I. December 7, 1999 

Membrane Blower Flow Switches 
Aeration Blower Flow Switches 

Item 
Permeate Pump Pressure Gauges 
Membrane Air Scour Blower Pressure Gauges 
Aeration Blower Pressure Gauges 
Recirculation Pump Pressure Gauges 
Sludge Wasting Pump Pressure Gauges 

Control Panel 
PLC-based Control Panel 
Back-Up PLC 

Electrical 
MCC Panel 

Miscellaneous 
Air Compressor 
Air Drier 

Field Service Allowed 
Installation Supervision 
Mechanical Checkout 
Operator Training 
Process Start-Up 
Commissioning 
TOT AL MAN-DAYS 
TOTAL No. TRIPS 

Freight 
Delivery to Site 

CONFIDENTIAL 

z 
4 
3 

Size Units Quantity 
6 
4 
3 

N/A 
6 

1 
Not Incl. 

Not Incl. 

2 
1 

Days 
10 
6 
8 
3 
3 

30 
3 

Incl. 
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City of McAllen, Texas Wastewater Treatment Plant 
Budget Proposal #374-98 Rev 1, December 7,1999 

6.0 A TT ACHMENTS 

Plant Power Consumption and Estimated Yearly Operating Cost 

CONFIDENTIAL 

z 
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Table 9.1.1 Connected Power and Estimated Power Consumption at Average Day Flow 
City of McAllen (ZenoGem) Rev 1 
Average Day Flow 8,500,132 USgpd 32,173 m3lday 
Maximum Day Flow 8,500,132 USgpd 32,173 m3lday 

ITEM ITOTALI EQUIPMENT 
• QTY DESCRIPTION 

.Op .... ting 
Pumps 

Blowers etc. 

Design Capachy Discharge H.ad Duty 
Point 

Efficiency 

Equipment 
Operating 

BHP 

Motor 
HP 

Total 
Equipment 

BHP 

Total 
Connected 

HP 

Motor 
Efficiency 

% 

Equipment 
kW 

Hours J Cay 
continuou5 
Opefatlon 

Energy 
Cost 

per year 

6
~ - Raw WaterIWastewater Screen rv'a - - - - - - - 2400 
~ __ ~ __ 600~erm.eateE.~mps . ByZenon __ 6.00 1,109.56 USgpm 35.00 ft 61.00 1229 20.00 73.76 120.00 9020 6098 22.40 ~37,392_ 

3 . Backpulse Pumps n/a - 2,880,00 U§gpm 3000 ft 7400 29.94 40.00 - - . 640 
4 6.00 ReclrculationPumps By Zenon 6.00 3,935_25 USgpm 10.00 ft 55.00 1B.35 25.00 110.08 150.00 91.30 69.91 24.00 59,06~_.~ 
5-- 600 Sludge Wasting Pumps By Zenon 6,00 206,80 USgpm 30,00 ft SO.OO 3.18 5.00 19.07 30,00 87.50 16.25 2.00 !:I~U 
6 _ RE}ject Water Pumps n/a -. USgpm 25.00 tt 55,00 -. • • - • 24 (X)r---=.-__ - .~ 
;-r--4g.g ~:bran~ Air Scour Blowers By Zenon 3.00 5520_00 sclm 425 psi n/a 15332 250.00 459_97. 1000.00 95 00 ~_1_~ __ ~..QQ. __ 237,21~ __ 
8 300 ProcessAlrBlowers By Zenon 2,00 2,775,00 scfm 6.00 psi n/a 114.69 15000 22977 450.00 9420 161.69 24,00 119,501 
9 __ . .- __ ._ ~~i~~~ane<?~irBh:~~rs .n/a - - sclm 600 ~I nla - - ___ -___ ~;.:.....- ___ . __ . __ ==~_~?~_Q<2 ---- -----.. --
~9__ _ 6 00 Anoxic Zone Mix~rs By Zenon 6.00 n/a·· - - 60, 00 -..~ __ , _._ 24 e>e_ 

3 
!W-'-~ AirSeparationSyslemVacuumPu~ By Zenon 2.00 22.25 aclm 16,00 insHg n/a 225 3.00 4.50 ___ 9-g0 87.50 384 _.?4oo 
_ 1?_t---~.90 BackpulseSodiu~~hlonte-Metenng By Zenon 1.50 0_066 USgpm 5000 tt n/a 003 003 0_04 009 100.00 003 320 

~_.?.2_~ _ 

13 __ . __ c;.IP'!'J~_h_pump_,_. __ .. ___ n/a •. USgpm 3000 tt 55_00 - _. _~_, ____ 003_{ ___ .. ____ _ 
14 CIP Chemical Metering n/a USgpm • - - I 
1.? __ ~~ft!~rTlicaIF~~d#lSyste!!,_!1.Me!eril"\_g __ ~y_Zenon 1_00 1,140 U$Dpm 50_00 ft ~~ 050 0_50 0.50 ___ . __ lQg _100-,QQ. ____ Q~7 ___ 24921 .---- 245 
16 _-=-__ , Chemical Feed #1 System #2 - Meterin.9 n/a • 0101 USgPffi 50,00 ft nla -- - 003 . - _. 10000 __________ , .___ _ ~Q? 
17 __ . Chemical Fi:led #1 System #3· Meterina n/a - 0.057 USoom 50,00 It n/a . 0.03 . - 100,00 ~ __ 24-oo 
.1~ _~~. ChemIcal F~ed #1 System #4· Mete~_ n/a 0.065 USgpm 50.00 ft. __ ~_ - 0,02 _----=--_ _ __ -=- f--__ }~O.OO __ _____ _ ___ ~~_~t --- -------. 
18 __ ~ ~jrCompressors 8yZenon 1.00 5200 scfm 100,00 psi nla 1875 25.00 16,75 5000 91,30 153! ~ ___ 600 _ ,,_~1~_ 
19 100 Air Driers ~Zenon 1.00 75,00 scfm nla· . - 80,00 - 6_00 _ . 
20· - '_00 Controls & Instrumentation By Zenon 1.34 1.00 -·2t~r~--657 

~. 1,00 Miscellaneous By Zenon 1_34 1 00 24 00 ~ ---6-57--

Total Connected Power 1,812.77 HP 
Total Operating Power 916.44 BHP 
Total Operating Cost 

Notes 

ZENON CONFIDENTIAL 

Energy Costs based on 0.0750 US$ per kW.hr 
Power Consumption of other plant equipment required (raw water feed pumps, high lift pumps etc.) is not included by ZENON 
Where operating efficiencies are not known, the equipment operating power is assumed to be 75% of the motor nameplate power rating 
The operating hours for lhe permeate pump are corrected tor the downtime during backpulse cycles (and Membrane Pressure Decay Test Cycles il applicable) 
Permeate Pump Backpulses every 15 mins lor 30 seconds 1,664 USgpm @ 30.00 ft TDH = 16,59 8HP 
Motor Efficiencies indicated are typical only. Efficiencies used are usually within 2% of actual when motor is operating within 50-100% 01 its lu1lload rating 
Operation of Air Compressor is assumed to be only 25% of time 
Operation of the Sodium Hypochlorite Pumps is Intermittent - operation for 25% of time is used for energy calculation 
Blooer Energy Consumption Estimated as 6.536 BHP per 1,000. scfm per psig 

The motor sizes in the above tabl. are preliminary only'and _tlmated based nn the information aVailable at the tim. of preparing this proposal. 
" must be understood that at the time of proposal preparation, final head losses or pressure drops in piping systems han not been calculated accurately 
Motor Sizes are subject to confirmation (and H n.cessary adjustment) during final design. Use of tht above information for sizing or selection 
of any ancillary equipment is .ntir.1y at the USER's own risk. Whilst the motor sizes indicated above are ZENON's best estima.e based on design 

criteria assumed during preparation of the proposal. ZENON accepts noresponslbilHV for the absolute accuracy of the Information contained herein. 

731.64 kW 
USS 460,661 

12-'0.7/1999 3'59 PM 



Table 9.2.2 Estimated Total Annual Operating Cost 
City of McAllen (ZenoGem) Rev 1 
Average Day Flow 8,500,132 USgpd 
Maximum Day Flow 8,500,132 USgpd 

32,173 m31day 
32,173 m3lday 

Item 

Bectrical Eq~t· Zenon 
~- ---~- - ~ 

Electric.l Equipment· Ot~ --
BIIck~l .. Chemlc.ls Sodium Hypochlorite 
CIP Chemical .1 MC-1 -
CIP Chemical t2 ~Iorile - 250 mglL -
Chemlcal'1 Atumlnu.m Sulphate (Uquid ._~ ... ~~L---
S~~ted Membrane AccnMIl 

-~-

Estimated Total Annual Operating Cost 

Notes Sodium Hypochlorile Blckpul .. Chamal Consumption 
Sodium Hypochlorite Consumption 
$odium Hypochlorite Consumption 
Sodium Hypochlorite Cost 

71.91 wires per day 

r-_-"26""2c:48,,,,, Utres per year 
US$ I 0.31 I per Utre 

CIP Cleaning Chemlcat '1 
Design Dosage 
Solution Concentration 
SpeciFIc Gravity 
Wash Frequency 

MC.l 
2,000.00 mglL 

50.00 % 
1.240 

Chemical Consumption per Wash (all tanks) 
Total Annual Chemical Consumption 
Chemical Cost 
Chemical Cost 

1.00 limes/year 
131.54 ulres 
131.54 Utres 

UuS$S$ E=~±'·~6781 pe' WI,. . 2.70. per kg 

Calculated at Avenlge 08)' Row 

Calculated at Avenl~ o.y Row 

Calculated al Average o.y Row 

CIP Cleaning Chemlclll t2 Sodium Hypochlorite. 250 mglL 
Design Dosage 250.00 mglL 
Solution Concentration 10.80 "10 
Specific GravIty 1.168 
Wash Frequency 12.00 limes I year 
Chemical Consumption per Wash (all tanks) BO.81 Utres 
Total Annual Chernical Consumption 969.76 Utres 
Chemical Cost US$ LI __ --'o,,3,,'JI per Utre 

CIP Neutl'llllzaHon Chemical '1 
Design Dosage 
Solution Concentration 
SpecifiC Gravity 
Wash Frequency 

Sodium Hydroxide 
mglL 

50.00% 
1.520 

1.00 times I year 
Utres 
Ulres 

Chemical Coosumption per Wash (all tanks) 
Total Annual Chemical Consumption 
Chemical Cost 
Chemical Cost 

UuS$S$ rl----,o:-;.36",,1 per Utre 
L. __ ---'O'-.4,,7~. per kg 

CIP Neutrallzation Chemh:.1 .2 
Design Dosage 
Solution Concentration 
Specific Gravity 
Wash Frequency 

Sodium Bisutfite 
mglL 

38.00% 
1.290 
12.00 limes I year 

Ulres Chemical Consumption per Wash (aft tanI<s) 
Total Annual Chemical Consumption 
Chemical Cost 
Chemical Cost 

Ulres 

UuS$S$ F===i0~. 06~1 per Utre 
L. __ --'O".5"'5J per kg 

Chemlc.1 Feed System .1 
Design Dosage 
Solutioo Concentration 
Specific Gravily 
Chemical Consumption 
Chemical Consumption 
Chemical Cost 
Chemical Cost 

ZENON - CONFIDENTIAL 

Aluminum Sulph.te (Uqukl • 48.5%) 
90.00 mgIL 
48.50 % 
1.335 

4,472.10 Ulres per day 
1,632,315 Utres per year 

UuS$S$ t==:j°b·'@2jlperUlre . 0.19. per kg 

Coo, 
,,",ye., 

460,661 US$ 
US$ 

11,232 USS 
220 USS 
304 US$ 

201,764 US$ 
329,311 US$ 

1,000,492 USS 

12107/1999 3:59 PM 



PROPOSAL 
990212-M 845 Harrington Court, Burlington, Ontario, L7N 3P3 

Tel. No .. (905) 639-6320 Fax No.: (905) 639-1812 

DATE: November 29, 1999 

PREPARED FOR: CH2M Hill 

ATTENTION: Mr. Jim Lozier 

FROM: Roland Lamoca 

Re: McAllen South WWTP 

ITEMS COVERED: 

Packaged water treatment plant incorporating Reverse Osmosis treatment. 

The plant is to be designed for three trains, each with an effluent flowrate of 2.3 MGD of final 
product from the Reverse Osmosis system. The projected recovery rates from each unit operations 
have been established in the specifications provided CH2M Hill and are estimated at 80% - 85%. 

The preliminary design criteria are: 

SCOPE OF SUPPLY: 

Effluent Flow (MGD) 
System Recovery (%) 

One Reverse Osmosis Train 
2.3MGD 
80- 85 % 

Three Reverse Osmosis System Trains - Each: 
• eighty-eight (88) 6 element long membrane pressure vessels, 400 psi rating, 

arranged in a 50:28: 10 array configuration for optimal cross-flow conditions. 

• five hundred twenty eight (528) Hydranautics spiral wrap high rejection type 
membrane modules. Six membrane elements will be installed in each membrane 
pressure vessel. A total membrane area of 192,720 fi2 is supplied, 

• one (I) duplexed 5 micron prefiltration cartridge system, isolatable for cartridge 
replacement, 

• one (1) horizontal, split case centrifugal-type feed supply pump, 1880 USgpm 
@530 fiH, 1780 rpm TEFC, Goulds or equal, 

Use or disclosure of this propo'sal data is subject to restrictions and is provided exclusively to the 
addressee for the purpose of evaluation and is not to be reproduced or divulged to other parties. 



PROPOSAL 
990J53-M 845 Harrington Court, Burlington, Ontario, UN 3P3 

Tel. No .. (905) 639-6320 Fax No .. (905) 639-1812 
one (1) sodium metabisulfite chemical injection system with chlorine analyzer, 
Prominent or equal, 

• one (1) antiscalant injection system, Prominent or equal, 

• one (1) acid injection system with pH probe and controller, Prominent or equal, 

• one (1) lot process instrumentation for the RO system, includes feed 
conductivity, permeate conductivity, permeate flow transmitter, concentrate flow 
transmitter, concentrate pressure transmitter, membrane feed pressure 
transmitter, permeate pressure transmitter, feed supply residual chlorine 
analyzer, and feed supply pH. 

• one (1) lot process valves for the RO system, Bray or equal, 

• one (1) lot process low pressure piping Sched. 10304 SS, 

• one (1) lot process high pressure piping Sched. 10316 SS, 

• one (1) NEMA 4 PLC based control panel (Allen Bradley PLC complete with 
PanelView Operator Interface), 

One Reverse Osmosis System Clean In Place Tank: 

• one (1) skid mounted membrane cleaning tank with pre filtration cartridge 
system, and cleaning pump (316SS Goulds, or equal) and controls, 

PRICE ESTIMATE: US$ 2,300,000.00 

TERMS: • All pricing in Dollars, FOB ZENON Burlington, Ontario. 
• Duty, if applicable, is not included. Any Taxes, if applicable, are extra. 
• Shipment shall be 20 - 24 weeks from receipt of order. 
• Payment Terms: 15% with order, 25% on submission of drawings, 50% on 

equipment shipment, 10 % on start-up or thirty days whichever is less, all terms 
are Net 30. 

• ZENON's Terms and Conditions as attached shall apply. 
• This is a budgetary estimate only at this time, and does not constitute a binding 

offer of supply by ZENON. 

Use or disclosure of this proposal data is subject to restrictions and is provided exclusively to the 
addressee for the purpose of evaluation and is not to be reproduced or divulged to other parties. 

--------
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FAX 

TO: 

ATTN.: 

cc: 

DATE: 

FROM: 

CH2MHill 

Ms. Fair Miller 

Jim Lozier - CH2M Hill 

Dave Bingham - ZENON 

18 January, 2000 

Roland Lamoca 
Manager, Technical Support Division 
Industrial Wastewater Division 

_ RiC;il~Eg ... 

JAM 18 ~OOO 
Ctl2h\ IiILL/ PHUENIX W'ala for the World 

Project Number: 990212-M 
FAX: 4809669450 

PHONE: 480 966-8577 x 249 

cc FAX: 

#OFPAGES 
(Including Cover): 5 

SUBJECT: McAllen Reverse Osmosis Operating Cost Estimates· Revision 

Hello Fair and Jim; 

The operating costs have been revisied based on our discussions today. 

The higher pressure we had included previously accounted for a 5 year operation with a 10% flux 
decline/year. This is typical of ZENON's experience, but may not reflect recent experiences you 
have noted. As agreed upon, the following have been based on your experiences. 

Please feel free to contact ZENON if you have any questions. 

Regards, 

Roland Lamoca 

lfyoll do not receive all pages, please call Lisa Ashton as SOOIl as possible. 

ZENON Environmental Systems Inc. 
845 Harrington Court. Burlington, Ontario, L7N 3P3 Telephone: (905) 639-6320 Fax: (905) 639-1812 

email:. rlamoca@zenonenv.comhttp://www.zenonenv.com 
This message Is intended only ror the use of tbe individual or entity to which it is addressed. and roilY cuntain information that is privileied, confidential and 
exempt fmm disclosure uDder applicable law. Any olher distributioo, copying or disclosure is slrictly prohibited. 1£ you have received this messaae in error. 

plea'ie notity us immediately by telephone, and rdurn the original traD~missioD to us by mall, without making 3 copy. 



18/01/00 

Item 
Power Consumption 

Steam Consumption 

Membrane Replacement (every 5 years) 

• ~ ) 

Operating Cost Summary 

Assumptions 
(based on $0.07 /kW-hr) 

(based on $5.00 11000 Ib) 

(based on current prices, subject to change) 

Cartridge Filter Replacement (once per year) (based on current prices, subject to change) 

Annual Process Chemical Cost 

Annual Cleaning Chemical Cost 

TOTAL ANNUAL OPERATING COSTS 

Water Volume Produced Annually: (based on 4800 USgpm) 

ZENON Environmental Systoms. Inc. 
(Reference #: Operating costs) 
PROPOSAL 1IW0212-M 

Operating Cost per Thousand Gallons 

Annual Cost. US$ 
$357,495 Iyear 

$190,179/year 

$24,637 Iyear 

$130.698 Iyear 

$15.144 Iyear 

[ $718-;152/Year - ] 

2.522.9 Million gallons per year 

[ $0.28 /1000 gallons--, 

Page: 1 of 4 

) 

Use or disclosure of 'he Infonnotioo O<l IhIs page is subject 
to the restrictions on the title page of ttHs proposol. 

{JI 
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18/01/00 

Power Consumption 

Unit 

Pre-Ireatment Chemical Mixers. 0.25 Hp 
1 st Pass - RO. Process Pump. 260 Hp 
Reverse Osmosis CIP Pump. 125 Hp 

RO process pump pressure is 165 psi @ 1663 USgpm each 

ZENON Environmental Systems. tnc. 
(Reference #; Operallng costs) 
PROPOSAL 1I990212·M 

• ~ 

Operating Cost - Power 

# of units 

total of 6 
total of 3 
total of 1 

Power/unit 

0.2kW 
194.0 kW 
93.3 kW 

To/a/power 

1.1 kW 
581.9 kW 

Intermittent use 

Total Power RequirementC 583 kW J 

Operating period Days / year 365 ~.::.ayL:.s,----~ __ _ 
Hours / day 24 hour""s_~ __ _ 

Utility rate ($/kW-hr) $0.07 IkW.,---h,-"r~~_ 

Annual Power Consumption Costl $357,495/year 

Poge: 2 of 4 

Use or disclowte of"'e Infcxmafion on this page is subject 
to tt1e restrictions on the Hffe page of this ptoposol. '" 



18/01/00 

Process Chemical Requirements 

Chemical 

Sulphuric acid 
Sodium bisulphite 
Antiscalanl 

• 'I;' ) 

Operating Cost - Process Chemicals 

Annual 
Consumption 

10374 USgalions 
12288 USgalions 
9892 USgalions 

Unit Cost.US$ 

$0.04 lib 
$0.25 lib 

$3.27/1itre 

Annual Cost. US$ 

$5,745/year 

$2,594 Iyear 

$122,359/year 

Annual Process Chemical Costl $130,698 Iyear 

Operating Cost - Cleaning Chemicals 

Page: 4 of 4 

Cleaning Chemicals I Preservative Requirements 

Chemical 

Organic Acid: MC-1 
Alkali Surfactant: MC-4 
Sanitizer: MP-1 

ZENON Environmenlal Syslems. Inc. 
(Reference #: Operotlng costs) 
PROPOSAL /19902 I 2-M 

Annual . 
Conslunptjon Unit Cost, US$ Annual Cost. US$ 

3788 kilograms $2.29/kg $8,658 tyear 
568 kilograms $3.06Jkg $1 ,738 /year 

9471ilre $5.01 Ilitre $4,748/year 

Annual Cleaning Chemical Costl rn~j44 Iyear 

Use Of disclosure of the Information on 'his page Is SUbject 
to the restricffons on the tI11e page of this ploposol. 



Appendix I. ZenoGem and ZeeWeed Cost 
Comparison 



Appendix I: ZenoGem' & ZeeWeed Comparison 
Capital and O&M Costs 
tern ZenoGem' ZeeWeed' 
Fine Screening $ 20,000 $ 20,000 
ZenoGem' I ZeeWeed" System" $ 8,620,000 $ 5,075,000 
Bloreactor/EQualization I ZeeWeed Tanks $ 1,307,808 $ 162,468 

Installation $ 2,155,000 $ 1,268,750 

Installed Costs Subtotal $ 12,102,808 $ 6,526,218 
ZenoGem I ZeeWeed Equipment Building $ 288,000 $ 84,000 
Installed Costs and Building Cost Subtotal $ 12,390,808 $ 6,610,218 

Unit Process Noncomponent Costs 
Yard Piping Allowance _(10'%) $ 1,239,081 $ 661,022 
Site Electrical Allowance (8%) $ 991,265 $ 528,817 
Site I&C Allowance (5%) $ 619,540 $ 330,511 
Site Civil Allowance (5%) $ 619,540 $ 330,511 

Unit Process Subtotal $ 15,860,234 $ 8,461,079 
Contingency (1 0%) $ 1,586,023 $ 846,108 
Contrac1or Overhead & Mark-up (10%1 $ 1,586,023 $ 846,IQ8 
Total Construction Cost $ 19,032,281 $ 10,153,295 
Engineering & Administration (15%) $ 2,854,842 $ 1,522,994 
Total Capital Cost $ 21,887,123 $ 11,676,289 
Total Capital Unit Cost ($11,000 gallon) $ 9,28 $ 4,95 
Amortized Capital Cost (20yr @ 6,5%) $ 1,986,396 $ 1,059,698 

Operation & Maintenance Costs 
Major Chemical Costs 

Backllulse Chemicals: Sodium Ijyp,ochlorite $ 8,232 $ 8,232 
CIP Chemical #1: MC-l $ 220 $ 3,211 
CIP Chemical #2: Sodium Hvpochlorite (250 mg/L) $ 304 $ 4,435 
CIP Neutralization Chemical #1: Sodium Ijydroxide $ - $ 175 
CIP Neutralization Chemical #2: Sodium Bisulfite $ - $ 117 

Major Power Costs 
Screening $ - $ -
Aeration Basins $ - $ 419,000 
Permeate Pumps $ 37,392 $ 36,901 
Recirculation Pumps $ 59,068 $ 74,500 
Sludge Wasting Pumps $ 890 $ -
Membrane Air Scour Blowers $ 237,213 $ 114,440 
Process Air Blowers $ 119,501 $ -
Anoxic Zone Mixers $ - $ -
Air Separation System Vacuum Pumps $ 2,520 $ 2,520 
Backpulse Sodium Hypochlorite - Metering $ 3 $ 7 
Chemical Feed #1 - Metering $ 245 $ -
Air Compressors $ 2,515 $ 2,515 
Air Driers $ - $ -
Controls & Instrumentation $ 657 $ 657 
Miscellaneous $ 657 $ 657 

Membrane Replacement Costs $ 329,311 $ 190,905 
Labor $ 280,800 $ 218,400 

Total Annual Operation & Maintenance Cost $ 1,079,528 $ 1,076,672 
Total Annual O&M Unit CostJ$ll,OOO gallon) $ 0.46 $ 0.46 
Total Annual Cost $ 3,065,924 $ 2,136,370 
Total Annual Unit Cost ($11,000 gallon) $ 1.30 $ 0.91 

• Detailed listing of components comprising ZenoGem and ZeeWeed systems are presented in Appendix H, 



Appendix J. RO Integrity Testing 



DEMONSTATION TESTING OF ZENOGEl\-l AND 
REVERSE OSMOSIS FOR INDIRECT POTABLE REUSE 

FINAL TECHNICAL REPORT ADDENDUM 

City of McAllen, TX 

by 

James C. Lozier, P.E. and Angela M. Fernandez, E.I.T 
CH2MHILL 

Cooperative Assistance Agreement No. 9S-FC-SI-0073 

Desalination Research and Development Program Report No. 51 

February 2000 

u.s. DEPARTMENT OF THE INTERIOR 
Bureau of Reclamation 

Technical Service Center 
Water Treatment Engineering and Research Group 



Draft and Final Report Comments 



D-8230 
ACM-1.10 

Mr. James C. Lozier, P.E. 
Project Manager, CH2M Hill 
1620 Fountainhead Parkway 
Suite 550 
Tempe AZ 85282 

Re: Agreement Number 98FC810073, Desalination Research and 
Development Program Report No. 51, Draft Report Review Comments 

Dear Mr. Lozier: 

Thank you for presenting the data and results from the project 
titled "Demonstration Testing of Zenogem and Reverse Osmosis For 
Indirect Potable Reuse" on December 14, 1999. Ms. Angie 
Fernandez also deserves to be recognized for her valuable 
assistance in both the presentation and in overseeing the 
piloting activities. 

Attached, for your consideration are select comments, both 
editorial and technical, which I believe will strengthen the 
final report's technology transfer capability. 

If you have any questions on these comments, please do not 
hesitate to call at 303 445-2254. 

Sincerely, 

Robert A. Jurenka, P.E. 

Attachment 

cc: D-7810 (Mulligan) 
cc: Mr. Wm. Bart Hines, City of McAllen TX, 
bc: D-8230 (Price, Jurenka) 



Review Comments, "Demonstration Testing of Zenogem and Reverse 
Osmosis For Indirect Potable Reuse" 

City of McAllen TX, 
Cooperative Agreement No. 98-FC-81-0073 

The following are suggested editorial comments: 

1. Complete the acknowledgment page 

2. Complete all missing appendices 

3. Page 1-7: Shouldn't the last paragraph be indented? 

4. Page 1-8 second line: delete "should". 

5. Page 3-3, section 3.2.1: To the second paragraph: 
Third line, delete " ... can (or may)" and replacewith 

"may" i 
4th line: add of after "value" and delete the 

parentheses; 
·5 th line: move ">3 months" ahead of "infrequently" and 

replace"during" with "at"; 
7th line: replace "insitu" to "in situ" 

6. Section 3.2.2, last line: delete the parentheses. 

7. Page 3-7: section 3.3.2: 

a. second paragraph: The lat 2 sentences seem redundent 
considering the previous section. Can they be rephrased? 

b. third paragraph antiscalent is mispelled. 

c. 5th paragrpah: replace in the 3rd line, "can (or may)" 
with "may". 

The following are recommended technical comments: 

1. Page 1-1: 

a. To the first paragraph, add: This Program sponsors 
research in an effort to lower the cost of treatment technologies. 

b. The second paragraph describes UV treatment (also listed 
on page 1-5), however, there is nothing in the conclusions 
regarding it. Obviously the decision was made to use chloramines 
both in the pilot and in the projections of costs at full scale. 
Add sentences in the report describing why this disinfectant 
technique was replaced. 



c. Second paragraph, last sentence: define "intended 
purpose" . 

d. Restructure the 4 ch paragraph by either using a colon and 
numbering the items, or make each point a separate sentence. 

2. Page 1-3, re: El Paso Texas paragraph: Add to the end of the 
next to the last sentence ... "because the increased pumping is 
lowering the aquifer level to the higher salinity water source." 

3. Page 1-4: In section 1-2 the second sentence: It is recommended 
that " ... from the Rio Grande River, water rights that it shares 
with mUltiple parties, including ... " be replaced with, " ... from 
water rights in the Rio Grande River that it shares with multiple 
parties including ... " 

4. Page 1-6: Section 1.5.1, 

a. second bullet: List the WWTP effluent limits (as shown on 
page 4-1, section 4.1.1) and reference the table, by table number 
and page number, of the final values. 

b. The term maintenance clean or acid maintenance clean is 
used here and on pages 1-7, 1-9, 3-3, etc. Define this term prior 
to its use or add as a reference the page number where it is 
defined. 

5. Page 1-7: 

a. First point: At the start of this point, replace "Flow 
Peaking" with "FloW peaking tests were run over a 24 hour period 
of time to simulate the types of peak loading conditions that 
typically occur in a conventional wastewater treatment plant. 
However, this (significantly) ... 

Also, aC the end of this point add, "As a result, additional means 
must be provided such as ?? to ensure that slower changes in 
loading occur to give the membrane bioreactor system time to react 
to the change in loading." 

b. Second Bullet: Clarify what "intermittent aeration" is. 
Delete the words, "treatment conditions resulting in". 

c. Third bullet: Add a reference to the table of results. 

d. Add a fourth bullet with the following: Per Table 5-16, 
Zenogem permeate was of lesser quality and the RO permeate was of 
greatert quality than the City's existing raw water source. 

e. To the end of the fourth bullet add the following 



--

sentence: However, the RO system always removed any remaining 
coliform regardless of the MF or UF pretreatment. Also, add the 
table number and page on which it can be found for the results 
supporting this conclusion. 

f. Add one last point about how cost effective and how much 
smaller the footprint area is as compared to a conventional 
treatment system. 

g. Section 1.5.2 RO System, Bullet 1, 4th line: Add "in the 
predominant form of monochloramine ... " after "Continuos 
disinfection ... " Also, add the table numbers and pages on which to 
be found for the results supporting this conclusion. 

6. pages 1-7 and 1-8, 
a. RO System, bullet 2: If 80% is "higher" as stated, state 

what the normal or target recovery rate is. Also, clarify why the 
80% recovery rate is described differently between bullet 2 and 
bullet 3. (I.E. higher vs design). 

b. RO System, bullet 3: will blending the RO product water 
with Zenogem product water be acceptable in terms of final 
effluent quality? with MF not retaining all viruses, isn't there 
a concern over exposure to small viruses? Also, specify what type 
of limits are being described on page 1-8, line 2. 

c. Section 1.6.1.4 Replace the first sentence with: "This 
research project tested one MBR product, Zenon Corporations 
ZenoGem MF system The ZenoGem UF system should be retested at the 
10g/L MLSS level. Also, other ... " 

d. Section 1.6.1.4: Add to the end of this paragraph: "The 
Bureau of Reclamation is currently funding Montgomery Watson and 
the City of San Diego to perform research testing of this type, 
comparing the performance of ZenoGem and Mitsubishi systems. 

e. Section 1.6.2.1: add the approximate concentration of an 
aluminum based coagulant to complete the words in parentheses. 

f. Section 1.6.2.2 After the last word, "feasible", add "if 
the scale control can be resolved as discussed herein." 

7. Section 2: There are many other RO 
the Bureau would like to see listed. 
presentation graphic, these include: 

treatment objectives which 
As shown in Jim's 

a. RO Feed: RO feed must be < 2 ntu; SDI<3; and heterotrophic 
plate count <500 cfu/ml. 

b. McAllen discharge limits: TSS<0.5 mg/L; CBOD5 <10 and NH3-
n <3 mg/L. 



c. Reliability of Operation 
d. RO concentrate: Determine the impacts of the RO 

concentrate. 

8. Page 3-1: Add consistency so that all figures are called 
figures and not exhibits. 

9. Can a vacuum pump be added to Exhibit 3.2? 

10. Page 3-3, section 3.2.1: 

a. State the complete downtime to the system for the 
backpulsing that occurs every 10 minutes? State the complete 
downtime for the maintenance cleans described as at least 75 
minutes? Add the total downtime from the backpulsing and the 
maintenance cleans and clarify if a full scale plant must be 
slightly oversized to produce a given flowrate (ie plant 
reliability factor of 90-95%). 

b. Define permeation in the first paragrpah, second to the 
last line. 

c. To the second paragraph's 9th line: delete the first 
"membrane" in this line. Also, clarify ... " clean membrane initial 
level". Is the post-chemically cleaned TMP level reduced to a 
clean membrane level or restored to a new membrane level. 

11. Page 3-4, 3 rd line: Replace "The RO" with "The thin film 
composite RO". Section 3.2.3: Change the last sentence to read: 
This allows for a higher organic loading of wastewater in the 
treatment system. 

12. Page 3-5: Specify the micron rating of the cartridge filter in 
the second line of the second paragraph. Also, in the second 
paragraph's 4th line, delete the first two "ands". Lastly, can the 
cleaning skid be shown in Exhibit 3.3? 

13. Page 3-6: Change the TDS sum of ions values for 12/14 and 
12/18 to 1465 and 1473. Also, to the second bullet, state the 
recommended antiscalent from the Hydranautics program. 

14. Page 3-8: delete the parentheses in the first line. Also, 
clarify why in the last line, "Zenogem system" lS in parentheses. 

15. Page 3-9: Define stages A through D. 

16. Page 4-1: Secton 4-1 item 4: Where in the report are the 
results of each of these tasks? Where are the air requirements 
summarized for the process for cleaning and for nutrient 
consumption? 



17. Tables 4.1 and 4.2: Clarify under responsible party, what 
WWTP and WTP really means (ie who)? 

18. Page 5-7: Add a figure, after Exhibit 5.2, of a complete 
project timeline that shows both the Zenogem and the RO stages. 
Then to all of the RO performance figures, modify the timeline 
hours to match this new complete timeline (ie RO start at 1200 
hours instead of 0 hours). This will eliminate confusion arising 
from the fact that stages A-D differ depending on the equipment. 

19. Section 5: Can a nitrification rate be determined and added? 
Also, on Page 5-8, from line 6 replace the second paragraph with: 

Table 5.5 presents the target and average operating conditions for 
th ZenoGem system during Stage C operation. At the beginning of 
this stage (after 1,783 hours of operation), the MLSS 
concentration was decreased to 10 giL. From 4,130 to 4,158 hours 
(Event 3) and from 4,225 and 4,326 hours (Event 4) of operation, 
the permeate flow rate was increased by 46 percent (6.5 to 9.5 
gpm) for a period of 6 hours (flow peaking) over a 24-hour period 
to simulate the types of hydraulic peak loading that typically 
occur in a conventional wastewater plant. This was done to 
determine if the MER system could be operational in the same 
manner or if additional means would have to be provided to ensure 
slower changes in the loading to give the MER time to react to the 
change in loading. After 4,876 hours of operation, the membrane 
module height was raised (Event 6) to minimize sludge accumulation 
in the module aerators during non-aeration periods. From 4,894 to 
5,136 hours (Event 7) of operation, air was cycled to the membrane 
tank at an applied rate of 30 scfm for 10 seconds on and 10 
seconds off to evaluate the effect of intermittent aeration on 
operations and membrane performance. From 5,136 to 5,187 hours 

20. Page 5-14, Permeability Section: Replace the first paragraph 
with the following: 

Stages A-C. Figure 5.3 illustrates changes in ZenoGem 
permeability as a function of operating time (TMP is also shown 
for reference). During Stage E, permeability (normalized to 20°C) 
steadily decreased as TMP increased, indicating membrane fouling 
at the higher MLSS concentration of 13 giL. In contrast, at the 
lower MLSS concentration in Stage C, permeability increased and 
remained relatively constant as TMP very gradually increased. 
However during the flow peaking test periods (Events 3, 4 and 8), 
permeability sharply decreased as TMP increased. This showed that 
the MER system must be provided with a means of ensuring slower 
changes in peak loading. The peak loading can not be raised as 
quickly over a 24 hour period as fast as a conventional wastewater 
treatment plant. These results also confirm that ZenoGem 
operation at 10 giL MLSS concentration and constant flux provides 



for very stable system operation. 

21. Page 5-48, last paragraph: State why no useful data was 
obtained from the instruments. 
Section 5.3.3, RO Water Quality Impacts: Add to this section the 
table of RO manufacturer's membrane information and data, which 
Jim had shown in the presentation. 

22. Page 5-50, section 5.4: Elaborate what is said in the very 
last paragraph. Define mass loading basis and be very specific 
here so non-technical readers can understand what is being 
concluded. 

23. Page 5-51, section 5-5: change existing 
Also, delete the s on parameters in line 7. 
conclusions for the data being displayed in 
blending being contemplated. 

24. Cost Section 6: 

to exist in lkine 1. 
Lastly add 

Table 5-16 and fQr any 

a. Add text describing the overall conclusions of that can be 
derived from this study. Would a MER system be cost effective or 
not, and under what conditions? 

b. What labor rate was used in the cost estimates? 
c. Clarify if the costs presented are based toa certain 

month/year. 
d. Where is the square footage of the building? 



Fey- 28"""-00 10: 39A USSR Water Treatment 

[BOb Jure~ka' -!t~: RE:McAUen Integrity, FJeport Status 

From: 
To: 
Date: 
Subject: 

Bob Jurenka 
ibr8dmOO:jlozier~[CH2M.com) 
Fri, Feb 25,2000 1 :12 PM 
Re: RE: McAllen Integrity Report Status 

303 236 8862 

Jim: Michelle is wrapping up the integrity report, having received intemal review comments. 

After receiving the final McAllen report, here are 4 final review comments which will need clarification. 
After you read these, lets discuss how best to finalize the report. 

• -l.Table 6.1: It is not clear why the Zenogem process needs 1.3M of new tankage. 

ZTable 6.1: The economic analysis says ~ 6.5% was the rate uSed. My tables of AlP values show a 7 
% value was used. 

,;vr;ble 6.1: The total unit cost of $2.10 per 1,000 is Questioned. Explain how this was derived and not 
1.98/1000 gallons. 

4. Page e-9, 3rd sentence: Provide more details to better justify the costs associated for new tankage. 
and the difference between $1.3M vs SO.lM for zeeweed. 

Thanks 

ps: We are still looking at ways to assist with autopsy work for Sherman. Hope the knee is dOing better. 

Bob Jurenka. 303 445-2254 

P.02 



Fernandez. Angie/PHX 

From: 
,t: 

Subject: 

Angie. 

Fboudkirk@cs.com 
December 20. 1999 12:32 PM 
Afernand @ch2m.com 
McAllen 

Here are a few editorial comments on the December 7. draft report. Bear in 
mind that the EPRI folks who take the time to read it will be starting from 
ground zero and the don't know ZeeWeed from break tank. 

Page 1-1, UV is mentioned here but nowhere else in the report. I suggest 
deleting these references to UV as the project did not address its use. 

Page 1-3 first paragraph; for the sake of current info, the San Vincente 
Reservoir recharge project was killed because of politics. It might be 
resurrected but as of August. 1999 the politicians killed it claiming it was 
an Anglo plot to make Hispanics drink dirty water! 

Page 3-2. Somewhere we need to have a glossary for abbreviations like CIP. I 
know what it means but a person not informed about membranes might not. Also 
the term break tank is not is not self explanatory. On this page we have 
labeled an aerobic tank in the diagram while in the text a "aeration tank" is 
mentioned as well as "a 200 gallon calibrated receiving tank." These 
descriptions should be consistent with the diagram. 

-1e 3-3. In the first and second paragraphs a "process tank" is mentioned. I 
.eve the words "membrane tank" should be used for consistency's sake. Also 

in the second paragraph it might be helpful to mention that the maintenance 
cleaning flush liquid is drained to waste. 

The last sentence of this paragraph might confuse a first time reader as it 
seems to imply that maintenance cleaning is not a part of "normal" operation. 
I would suggest the sentence read "Maintenance cleaning is done insitu and is 
necessary to sustain the membrane flux." (Is it insitu or in situ?) 

Page 3-4, I think adding the words "For pilot testing" to the beginning of 
the last sentence of the first paragraph sentence would avoid confusion about 
how a full-scale system would operate. The terms CBOD5. MLSS, MLVSS, SRT, 
etc., show the need for a glossary. 

Page 3-5, The pore size of the cartridge filter would be informative as would 
be a few words about why the filter is required. 

Page 3-6, I believe the samples were taken in 1998 not 1999 as the charts 
says. 

Page 4-4, Again, since my audience is made up mainly of power plant types who 
are given job assignments outside their technical field of expertise, I would 
prefer the last sentence of the first paragraph of section 4.33 to "could 
adversely affect marine ecology." If that is indeed what we mean. 

Page 4-5, ASL should be define in a glossary . 

.-age 5-18, Here we introduce an other CBOD term which I think is the same as 
CBOD5. If not it needs to be define in a glossary. 

Page 5-20, Ditto for BOD5. 



Page 5-52, Some explanation why some chemical element levels in the ZenoGem 
Permeate are higher than in the raw water would be helpful. Could these be a 
seasonal variation? 

2 
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ATTACHMENT 1 

Texas Water Development Board 
Review Comments: City of McAllen 

Contract No. 99-483-276 

Board Staff offers the following comments. 

The study shows that effluent, and especially effluent with high hardness and high total 
dissolved solids, can be brought to drinking water standards for between $1.24 and $1.80 per 
thousand gallons. The study shows that using the Zenon technologies tested, that existing 
wastewater treatment plant capacities could be significantly increased (doubled or tripled) at 
costs similar to new plants (under $1.5 per gallon/day of capacity). Savings may be realized by 
removing the possible impediments of new construction such as site location and additional 
distribution lines by utilizing the Zenon technology in existing wastewater treatment plants. The 
report also shows that Zenon technology can produce a higher quality treated effluent. 

Specific recommended changes to the report include: 

1. Table 5.16 should be modified so that applicable safe drinking water act criteria are included 
in the table for reference. 

2. The summary tables of water quality parameters compared to target values shown in the 
overheads at the Denver meeting should be included in the summary of this report . 

.3. The cost for the micro filtration process, including costs in dollars per thousand gallons 
should be broken out separately from the RO costs in Chapter 6. 

4. 4.4.2 Sampling and Analysis: 15\ paragraph, 3r<l sentence (The VWVTP .... ) mentions one of 
the samples collected is nitrate/nitrate nitrogen. This is redundant. This should be changed 
to read nitrate/nitrite nitrogen. 

5. The Texas Water Development Board should be acknowledged as helping to fund this 
study, 


