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Executive Summary 

Introduction 
The Robert A. Duff Water Treatment Plant Facility Plan provides a capital improvements plan 
(CIP) for the expansion of Medford Water Commission’s treatment facilities for the Rogue 
River supply. It is a companion plan to the Water Distribution System Facility Plan, which was 
completed in July 2007. 

The Medford Water Commission (MWC) relies on two water supplies, Big Butte Springs 
and the Rogue River. Big Butte Springs provide up to 26.4 million gallons per day year-
round. The Rogue River supply is treated in the Robert A. Duff Water Treatment Plant (Duff 
WTP), which has a summertime capacity of 45 mgd. According to the demand projections 
presented in the Water Distribution System Facility Plan, the combined summer capacity of 
71.4 mgd from these two sources will be exceeded in year 2012. MWC is planning to expand 
the Duff WTP by this date to meet growing demands. Changes in the demand growth may 
alter the schedules presented in this plan. 

This Facility Plan describes the recommended improvements that will allow MWC to obtain 
a sustainable summer production of 60 mgd from the Duff WTP. The expansion will allow 
for a short-term (less than one day) production of 65 mgd. The 65 mgd value is equal to 
MWC’s water rights and will allow MWC to perfect these rights. Although the plant 
expansion is described as a 65 mgd expansion throughout this document, it should be 
understood that the sustainable summer production will be limited to 60 mgd. 

MWC’s ultimate need from the Rogue River supply is estimated at 120 to 125 mgd. The 
increased withdrawal from 65 to 125 mgd will be allowed based on the use of water rights 
owned by MWC’s wholesale customers. The expansion from 65-mgd (the Duff No. 1 
expanded capacity) to the 125-mgd ultimate capacity will be accomplished by constructing a 
parallel water treatment plant at the same location as the existing plant. This new, second 
plant is referred to as Duff No. 2 in this report. 

Exhibit ES-1 illustrates the summer demand projection for MWC and the proposed timing 
for expansion of Duff No. 1 and for the three phases of Duff No. 2. MWC will adjust the 
timing of these projects based on actual demand growth within the system. 
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EXHIBIT ES-1 
Expansion Plan for the Duff No. 1 & 2 WTPs (summer demands and summer production capacity) 
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Description of Duff No. 1 
The existing Duff No. 1 WTP was initially put into service in 1968. Its original summer 
capacity was 15 mgd. It was subsequently expanded to 30 mgd in 1983 and then to its 
present 45-mgd capacity through a series of projects beginning in 1998. Its wintertime 
production capacity is approximately 10 mgd. 

To date, the highest gross production rate achieved through the plant has been 
approximately 28,000 gallons per minute (gpm). This is equivalent to 40 mgd had the 
production rate been sustained over a full 24 hours, but it was not operated at this rate for 
that long. Since wintertime demands have remained less than the production capacity of Big 
Butte Springs, MWC has not needed to operate the plant during the winter months. 

Duff No. 1 is a conventional, media filtration plant. The plant includes the following 
components and processes, beginning from the Rogue River withdrawal facility through 
delivery of finished water to the distribution system: 

• Rogue River intake facility with fish screens 
• Raw water pumps 
• Carbon dioxide feed system 
• Ozone generation and two ozone contact basins 
• Coagulant chemical system 
• Chlorine feed system 
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• Flocculation and sedimentation in four modified contact basins 
• Polymer feed system 
• Twelve filter basins 
• Filtered water storage in two reservoirs 
• High service pumping 
• Washwater handling facilities 

Exhibit ES-2 provides a site plan showing the existing facilities. The plant is situated on a 
41-acre property that is owned by MWC. The Rogue River intake is located about 800 feet 
north of the plant site on a 3-acre parcel owned by MWC. 

EXHIBIT ES-2  
Duff No.1 WTP: Plan View 

 

Water Quality and Regulatory Evaluation 
The Rogue River is an excellent quality water source and the Duff No. 1 WTP has 
consistently met all state and federal drinking water quality standards. Turbidity, a measure 
of the particulates in the water, is one of the fundamental standards for a surface water 
treatment plant. Duff No. 1 produces water with a turbidity of less than 0.05 nephelometric 
turbidity units (ntu), which is well below the regulatory standard of 0.3 ntu. 

Two significant drinking water regulations have recently been adopted. One is the Long 
Term 2 Enhanced Surface Water Treatment Rule. This rule imposes additional treatment 
requirements depending on the level of Cryptosporidium found in the raw water source. 
MWC’s Cryptosporidium monitoring to date indicates that no additional treatment 
requirements will be imposed for the Rogue River source. 
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The second important new rule is the Stage 2 Disinfection Byproduct Rule. This rule 
increases the monitoring requirements and imposes more stringent compliance standards 
for trihalomethanes and haloacetic acids, two compounds that are formed when chlorine 
reacts with naturally occurring organic compounds. MWC is currently in full compliance 
with this rule. However, the performance of the plant during winter months is unknown. 
Also, as the proportion of water provided from the Rogue River source increases relative to 
that provided from Big Butte Springs, it may make it more difficult to achieve compliance 
with the rule. Both of these factors indicate that MWC will need to closely monitor the 
performance of the Duff WTP in the coming years to ensure continued compliance with this 
new rule. 

Expansion Plan for Duff No. 1 
Process Selection 
An early project milestone was to decide whether the next phase of capacity expansion 
should occur at Duff No. 1 or if all of the capacity expansion should occur in an entirely new 
facility. Because many systems in Duff No. 1, including the intake, major hydraulic 
elements, and chemical systems are already sized for the expanded, 65-mgd capacity, and 
because the treatment processes have performed well, moving forward with expansion of 
Duff No. 1 to 65 mgd was determined to be the best approach to maximize MWC’s 
investment in infrastructure. 

A variety of alternatives for expansion of Duff No. 1 from a summertime capacity of 45 mgd 
to 65 mgd were examined. Alternatives provided different degrees of reliability for treating 
wintertime flows or expanding Duff No. 1’s summer capacity to 65-mgd. Advantages and 
disadvantages of each alternative were discussed in workshops, and each alternative was 
scored by the team members. Ozone pre-treatment was included in all alternatives because 
of its effectiveness for taste and odor control and its potential for treating contaminants of 
potential concern (such as pharmaceuticals and pesticides). 

To maximize existing infrastructure and provide robust summer and winter treatment, the 
conclusion of the team was to expand Duff No. 1 from 45 to 65 mgd by means of the 
following process additions: 

• Increasing the number of contact basins from 4 to 6. Sludge collection equipment will be 
added to the new contact basins (5 and 6) to facilitate wintertime operation. 

• Increasing the number of filters from 12 to 16. 

Duff No. 1 will continue to use the existing finished water reservoirs without expansion. In 
the future, if disinfectant contact time needs to be increased, MWC will consider increasing 
the ozone concentration to obtain disinfection credit for ozonation, or baffling the reservoirs. 

The expansion of Duff No. 1 will also include hydraulic improvements to existing facilities, 
the addition of a redundant backwash pump, expansion of the high service pump station, 
upgrades to the electrical system, seismic upgrades to the operations building and reservoir, 
and architectural modifications to the operations building. These are described in the 
following paragraphs. 
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Hydraulic Improvements 
Detailed hydraulic analyses of Duff No. 1 were performed to confirm that the existing plant 
is capable of handling flows up to 45 mgd and that an expanded plant using the same 
processes can handle flows up to 65 mgd. These analyses identified that improvements are 
needed to eliminate hydraulic restrictions. For the 45 mgd flow in the existing plant, the one 
concern is that the water surface at the upstream end of the flocculation/sedimentation 
basins is predicted to be only 3.5 inches below the top of wall. However, if MWC proceeds 
with the expansion of Duff No. 1 as planned, it is unlikely that the production rate of the 
plant will reach 45 mgd before other changes that improve the hydraulic profile are 
implemented. 

The 65 mgd analyses identified hydraulic limitations in the rapid mixer, filter influent 
flume, and reservoirs. Modifications to eliminate these restrictions have been included in the 
CIP. 

High Service and Backwash Pump Improvements 
The existing high service pump station room contains one backwash pump and five high 
service pumps. The current total high service pumping capacity is approximately 54 mgd 
and the firm capacity, the capacity with one of the largest units out of service, is 39 mgd. 
The existing pump room is quite congested, with narrow walking spaces between pumps 
and piping. The space limitations make maintenance difficult. During the summer months, 
the time when pumping is at a maximum, the existing heating/ ventilation/ air conditioning 
(HVAC) system is unable to sufficiently cool the room, making it a challenging environment 
for the operators and increasing the wear caused by heat on the pump motors. 

The expansion goals were twofold, to achieve a high service firm capacity of 60 mgd to 
match the expanded production capacity of Duff No. 1 and to provide a backup backwash 
supply so that the plant is not dependent on the single unit. Loss of a backwash supply 
would lead to a complete plant shutdown. 

Four alternatives were considered for expanding the high service pumping capacity and 
providing a redundant backwash pump. The selected alternative was to move the backwash 
supply pump to a new space at the west end of the filter complex that would be constructed 
together with Filters 13-16. Two backwash pumps can be installed in this proposed space. 
This frees up space in the existing high service pump room to expand the capacity to a firm 
capacity of 60 mgd. Two of the smaller pumps and motors will be replaced with larger 
pumps and motors. 

Electrical Improvements 
Two electrical reliability issues were identified. The plant is fed by only a single primary 
electrical transmission line from Pacific Power. The second is that there is no standby power 
production capability. The CIP includes a standby generator that will allow for production 
of up to about 15 mgd during power outages. This is not needed until Duff No. 1 is used for 
year-round production. The concern about having only a single primary feeder cannot be 
addressed until Pacific Power upgrades components of their electrical system, 
improvements that are not scheduled until 2016 or later. 
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Seismic Upgrades 
The facilities of Duff No. 1 were reviewed for their compliance with current seismic building 
codes. It was found that three improvements are warranted as follows: a) Add shear walls to 
the operations building, b) Reinforce the wall-to-roof connection in the reservoirs, and 
c) Add anchoring and bracing for some pipes and equipment. An allowance for these 
improvements is included in the CIP although the extent of the retrofits cannot be fully 
defined until the detailed final design is performed. 

Architectural Modifications 
An architectural assessment of the Duff No. 1 operations building was conducted to 
evaluate existing use of space, and in particular, modifications to the floor plan that would 
allow MWC to more efficiently use the space provided in this building. MWC hopes to 
reclaim space formerly used for chemical systems as office space for four to six personnel 
that are currently housed at other locations. Preliminary floor plan sketches were developed 
as part of the Facility Plan to allow MWC to consider alternatives and their implications. 
The final sketches are included in this report as the agreed-upon concepts. Costs for 
implementing these changes have been included in the CIP. The changes include 
modifications to enable the operations building to comply with the Americans with 
Disabilities Act and with current fire codes. 

Capital Improvements Plan for Duff No. 1 
The CIP for expanding Duff No. 1 to 65 mgd is summarized in Exhibits ES-3, the site plan, 
and in ES-4, a list of the proposed improvements and their costs. The total construction cost 
estimate for implementing the Duff No. 1 CIP is $16,900,000. The estimate was prepared in 
March 2008 at an Engineering News Record Seattle area Construction Cost Index value of 
8621. Construction costs, particularly material costs, were rapidly escalating at the time that 
the estimate was prepared. Therefore, it is essential that MWC’s financial planning for the 
project carefully consider escalation to the date of construction. In addition, MWC should 
consider appropriate allowances for engineering and contingency. 
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EXHIBIT ES-3 
Site Plan for Duff No. 1 Expansion 

 



ROBERT A. DUFF WATER TREATMENT PLANT FACILITY PLAN DRAFT REPORT 

ES-8 CVO\O82200002 

EXHIBIT ES-4 
Duff No. 1 Capital Improvements Plan 

No. Item 

Current 
Capacity 

(mgd) Needs Proposed Improvements FY 
Estimated 

Cost 

1 Intake 65 Regulatory—to meet 
fish screening 
requirements 

MWC replacing screens in 
2008-2009; no improvements 
included in Facility Plan 

09-10 $1,000,000 

2 Operations 
Building 

65 Remodeling to 
accommodate offices 
and seismic upgrades 

Remodel to add office space; 
add shear walls to meet 
seismic codes; add equipment 
bracing for seismic; upgrade 
sanitary sewer system 

09-10 $1,600,000 

3 Raw 
Water 
Pumps 

45 Increase firm capacity 
to 53 mgd 

MWC to replace one smaller 
pump with approx. 16 mgd 
pump 

10-11 $50,000 

4 Backwash 
Pumping 

45 Need redundant pump 
for reliability 

Construct new backwash 
pump room; Relocate existing 
backwash pump and install 
new backwash pump; Expand 
space across filter gallery 

11-12 $2,800,000 

5 Filter 
Influent 
Conduit 

45 Capacity—high 
headloss 

Install second filter influent 
conduit 

11-12 $800,000 

6 Filters 45 Capacity Add Filters 13-16 11-12 $4,000,000 

7 Yard 
Piping 
Improve-
ments 

45 Capacity and 
eliminating conflicts 

Modifications to backwash 
waste piping to accommodate 
Filters 13-16; expand 
Reservoir overflow pipeline; 
improvements to drain lines 
from ozone contactors 

11-12 $300,000 

8 Raw 
Water 
Pumps 

45 Increase firm capacity 
to 65 mgd 

MWC to replace one smaller 
pump with approx. 16 mgd 
pump to achieve 65 mgd firm 
capacity 

11-12 $50,000 

9 Reservoir 65 Seismic—roof to wall 
connections 

Seismic upgrades 11-12 $500,000 

10 Reservoir 45 Capacity—high 
headloss at flows 
above 45 mgd 

Install two 42-inch diameter 
wall spools between reservoir 
halves 

11-12 $40,000 

11 Floc-Sed 
Basins 

45 Capacity; improved 
solids removal for 
10 mgd winter 
production 

Add basins 5-6; install solids 
removal mechanism in these 
two new basins 

12-13 $3,700,000 
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EXHIBIT ES-4 
Duff No. 1 Capital Improvements Plan 

No. Item 

Current 
Capacity 

(mgd) Needs Proposed Improvements FY 
Estimated 

Cost 

12 High 
Service 
Pumping 

45 Capacity, to obtain 
60 mgd firm 

Add 2 new 900 hp, 15 mgd 
pumps. One will replace the 
existing backwash pump and 
the second an existing 
7.5 mgd high service pump. 
Both constant speed. 

12-13 $700,000 

13 Rapid 
Mixer 

45 Capacity—high head 
loss at flows above 
45 mgd 

Modifications proposed for 
existing rapid mixer; increases 
hydraulic capacity to 65 mgd 

12-13 $80,000 

14 Standby 
Generator 

0 Backup power for 
15 mgd treatment 
capacity 

Self-contained standby 
generator; 2000 kW; 
transformers for both 480V 
and 480V-2.4kV; automatic 
transfer switch; needed when 
year-round operation of Duff 
No. 1 begins 

>16-17 $1,300,000 

15 Electrical: 
Power 
feed to 
plant 

65 Electrical service 
reliability 

Pacific Power plans to 
upgrade service in 2016; 
MWC could investigate a 
second primary feed at that 
time 

>16-17 Unknown 

Construction Total    $16,900,000 

 

Environmental Site Assessment for Duff No. 2 
The Facility Plan project included an environmental assessment of the 41-acre property on 
which the Duff WTP is located. The objectives of this site environmental evaluation were to 
identify areas on the property that would be most suitable for future expansion, and to 
determine the biological surveys, permits, and mitigation that may be required. The 
findings primarily relate to the limitations that may impact the development of Duff No. 2. 

Previous surveys of the site identified numerous wetland areas on the property including 
vernal pools. Vernal pools are naturally occurring depressions that form pools during the 
wet season but are completely dry for most of the dry season. They are distinguished from 
other seasonal wetlands based on a unique flora including a number of rare species that are 
specifically adapted for the cyclical patterns of inundation and drying. During the field 
reconnaissance survey for this Facility Plan, conducted in February 2008, numerous vernal 
pools were observed throughout the undeveloped areas of the property, and their general 
locations were mapped. 

A qualitative assessment of the wetland areas was conducted during the field survey. They 
were broadly classified as high, moderate, and low quality wetland habitat. All wetlands, 
regardless of quality, are regulated by state and federal agencies. Impacts to even low 
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quality wetlands will require compensatory mitigation. The mitigation requirements for the 
low quality wetlands will be less than those mitigation requirements associated with 
moderate or high quality wetlands, and therefore, it is advantageous to confine the 
expanded facilities on these lands. If these low quality lands are not sufficient in area or if 
their location is not favorable, then the expansion of facilities should be limited to the 
moderate quality wetland habitat, if possible. 

A 2008 court settlement between the U.S. Fish and Wildlife Service and an environmental 
advocacy group, the Center for Biological Diversity, requires the agency to complete critical 
habitat designations for the large-flowered woolly meadowfoam and Cook’s desert parsley, 
both of which are found in the Rogue Valley, by the summer of 2010. Both plants were 
considered in the environmental review, so this settlement is not likely to change the 
findings and recommendations presented in this chapter. 

The presence of wetlands and endangered species does not preclude development of the 
site, but the regulatory agencies will require MWC to identify the other alternatives that 
were considered and to explain why the other alternatives were not practical. If no practical 
alternatives exist and the project would result in impacts to wetlands, compensatory 
mitigation would be required. 

The report presents approximate timelines for permitting and the CIP includes cost 
allowances for mitigation. The permitting process could take two to three years and involve 
significant cost. 

Development Plans for Duff No. 2 
The report describes plans for a second plant, located on the same property as the existing 
Duff WTP, to increase production from the Rogue River supply to 125 mgd. This plant is 
named Duff No. 2 in this document. It is described in the subsections that follow. 

Intake, Raw Water Pumping and Transmission 
As part of the facility planning, MWC’s goal was to develop a conceptual plan for 
expanding the total withdrawal capacity on the Rogue River to a minimum of 125 mgd, 
with an assumed capacity of 65 mgd for the existing facility and a capacity of at least 
60 mgd for a second intake. The second intake should be located on the same property as 
the existing intake unless this is not feasible. For clarity, the existing intake will be called 
Intake No. 1 and the new intake will be called Intake No. 2 in this report. 

The recommended concept for Intake No. 2 is a shoreline, slanted screen intake system. This 
configuration will provide a withdrawal capacity of approximately 70 mgd using MWC’s 
existing river property. The final configuration, capacity, and cost may vary because of 
changing conditions within the river. 

The CIP for Duff No. 2 includes this new withdrawal facility and the raw water pumps and 
transmission pipeline that will also be needed. 
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Process Selection 
MWC and CH2M HILL employed the same collaborative workshop approach for 
evaluating Duff No. 2 alternatives as was used in discussions of Duff No. 1. A wide range of 
process alternatives were considered. The project team scored each alternative using the 
criteria and their weighting as developed for the Duff No. 1 alternatives. The goal was to 
select a cost-effective treatment process that would meet MWC’s objectives for the Rogue 
River supply. 

The following boundary conditions were established for the Duff No. 2 plant, based in part 
on the decisions for Duff No. 1: 

1. Duff No. 2 shall have a buildout capacity of 60 mgd 

2. Duff No. 2 shall provide ozonation for taste and odor control and for removal of 
organics, such as cyanotoxins, that may be in the source water 

3. Duff No. 2 shall operate as a year-round facility so its design shall be appropriate for the 
higher wintertime solids and TOC levels of the Rogue River 

4. Duff No. 2 shall be a parallel facility to Duff No. 1 but the two plants shall share facilities 
where appropriate and beneficial 

5. There may be benefits to using two different core treatment processes at the two plants 
to provide redundancy—the processes selected for Duff No. 2 should not be limited by 
those in use at Duff No. 1  

6. If possible, the development of Duff No. 2 should avoid the high quality habitat area of 
MWC’s property, which is generally located to the south of Duff No. 1 

7. Treatment technologies will continue to advance in the interim before Duff No. 2 is 
constructed. This Facility Plan will be revisited prior to design of new facilities. The 
process selection in this plan provides a baseline to estimate property requirements and 
costs. 

The selected process alternative uses pretreatment by flocculation and plate sedimentation, 
ozonation, and membrane filtration. Membranes with pretreatment provide a robust system 
that will reliably produce high quality water even as the raw water quality fluctuates. 
Membranes also provide an advantage by allowing for rapid starting and stopping or rate 
adjustments without an impact to the quality of the finished water. Exhibit ES-5 provides a 
site plan illustrating this alternative. The layout impacts low and moderate quality wetland 
habitat lands but avoids high quality habitat lands. 
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EXHIBIT ES-5 
Phase 1 of Duff No. 2 WTP 

 
 

Capital Improvements Plan 
Exhibits ES-6 and 7 provide a tabular summary and cash flow chart for implementing the 
Duff No. 2 project. Construction of Duff No. 2 has been divided into three phases, each 
providing an expansion of 20 mgd. Phase 1 construction is estimated at $70 million, with 
Phases 2 and 3 estimated at $28 million and $30 million, respectively. The construction 
estimates were prepared in March 2008 at an Engineering News Record Seattle area 
Construction Cost Index value of 8621. Construction costs, particularly material costs, were 
rapidly escalating at the time that the estimates were prepared. Therefore, it is essential that 
MWC’s financial planning for the project carefully consider escalation to the date of 
construction. Also, MWC should add appropriate allowances for engineering and 
contingency to the construction cost estimates that are presented in this report. 
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EXHIBIT ES-6 
Duff No. 2 WTP Capital Improvements Plan 

Process or 
Component Proposed Improvements 

2021 
Phase 1 
(20 mgd 
summer 
capacity) 

2034 
Phase 2 
(40 mgd 
summer 
capacity) 

2048 
Phase 3 
(60 mgd 
summer 
capacity) 

Total for all 
3 phases 

Administration 
building 

Administration building to support 
Duff No. 2; approx. 10,000 sf 

$2,800,000 $0 $0 $2,800,000 

Intake Horizontal screens, gravity flow to 
pump well (Section 15) 

$3,600,000 $0 $0 $3,600,000 

Raw water 
pumps 

Vertical turbine pumps, 20 mgd 
each (2 initial), VFD 

$1,000,000 $500,000 $500,000 $2,000,000 

Raw water 
transmission pipe 

54-inch, parallel to existing 
pipelines 

$600,000 $0 $0 $600,000 

Rapid mix In-line or jet injection type of rapid 
mixer 

$500,000 $0 $0 $500,000 

Flocculation Horizontal paddle wheel 
flocculators; 3-stage 

$2,000,000 $2,000,000 $2,000,000 $6,000,000 

Sedimentation Plate settlers $3,000,000 $3,000,000 $3,000,000 $9,000,000 

Ozone system LOX ozone generators; baffled 
ozone contact basins 

$5,000,000 $3,000,000 $0 $8,000,000 

Chlorination On-site generation $1,600,000 $1,200,000 $600,000 $3,400,000 

Membranes Immersed low pressure 
membranes, (Zenon or Siemens) 

$18,000,000 $8,000,000 $8,000,000 $34,000,000 

Carbon dioxide Carbon dioxide system similar to 
the Duff No. 1 system 

$1,200,000 $400,000 $400,000 $2,000,000 

Clearwell Two 5-MG prestressed concrete 
tanks, ground-level 

$4,200,000 $0 $4,200,000 $8,400,000 

High service 
pumps 

Horizontal centrifugal pumps, 
drawing suction from clearwell 

$6,000,000 $2,000,000 $2,000,000 $10,000,000 

Washwater 
lagoons 

Engineered lagoons similar to 
those for Duff No. 1 

$2,000,000 $1,000,000 $1,000,000 $4,000,000 

Subtotal  $52,000,000 $21,000,000 $22,000,000 $94,000,000 

General site work Site grading, preparation, backfill, 
finishing 

$3,600,000 $1,500,000 $1,500,000 $6,600,000 

Yard piping Interconnecting piping, valves, 
valve vaults, etc 

$6,200,000 $2,600,000 $2,600,000 $11,400,000 

Site electrical Electrical service and connections $5,200,000 $2,200,000 $2,200,000 $9,600,000 

Instrumentation 
and controls 

Instruments, control hardware and 
software 

$3,100,000 $1,300,000 $1,300,000 $5,700,000 

Total Construction $70,000,000 $28,000,000 $30,000,000 $128,000,000 
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EXHIBIT ES-7 
Cash Flow Chart for Duff No.1 and Duff No. 2 Capacity Expansions 

$0

$10

$20

$30

$40

$50

$60

$70

$80
20

08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

20
26

20
28

20
30

20
32

20
34

20
36

20
38

20
40

20
42

20
44

20
46

20
48

20
50

Year (First Year of Fiscal Year Cycle)

C
on

st
ru

ct
io

n 
Es

tim
at

e 
(m

ill
io

n 
$)

 
 



 

CVO\O82200002 1-1 

SECTION 1  

Introduction 

The Robert A. Duff Water Treatment Plant Facility Plan provides a capital improvements plan 
(CIP) for the expansion of Medford Water Commission’s Rogue River supply. It is a 
companion plan to the Water Distribution System Facility Plan, which was completed in July 
2007. It builds on the February 1997 Robert A. Duff Water Treatment Plant Upgrade and 
Expansion plan. Many of the projects described in the 1997 plan have been implemented by 
MWC in the years since that plan was completed. 

Additional background information from the current project is provided in the Technical 
Supplement to the Robert A. Duff Water Treatment Plant Facility Plan, which is bound 
separately from this report. 

The Medford Water Commission (MWC) relies on two water supplies, the Big Butte Springs 
and the Rogue River. The Big Butte Springs provides up to 26.4 million gallons per day 
year-round. The Rogue River supply is treated in the Robert A. Duff Water Treatment Plant 
(Duff WTP), which has a summertime capacity of 45 mgd. According to the Water 
Distribution System Facility Plan, the combined summer capacity of 71.4 mgd from these two 
sources will be exceeded in year 2012. MWC is planning to expand the Duff WTP by this 
date to meet these growing demands. Changes in the demand growth may alter the 
schedules presented in this plan. 

Planning Goals 
The major impetus for MWC’s preparation of the Robert A. Duff Water Treatment Plant 
Facility Plan (Facility Plan) was to develop a capital improvements plan (CIP) that addresses 
recent and projected demand growth. MWC’s annual average water demands have grown 
by 0.5 million gallons per day (mgd) per year since 2000. During this same period, the 
maximum day demand has increased by an average of 1.6 mgd per year. According to the 
distribution plan, the current supply of 26.4 mgd from the Big Butte Springs and the 45-mgd 
summer capacity from Duff WTP will be exceeded in year 2012. MWC is targeting 
expansion of the plant to 65 mgd by fiscal year 2012-13 to meet these growing demands. 

This Facility Plan describes the recommended improvements that will allow MWC to obtain 
a sustainable summer production of 60 mgd from the Duff WTP. The 15 mgd increment 
from its current 45 mgd summer capacity to 60 mgd is equal to the past expansion 
increments and results in maintaining the current maximum filtration rate of 5.4 gallons per 
minute per square foot (gpm/sf). However, the expansion will also allow for a short-term 
(defined as at least for 4 hours) production of 65 mgd. The 65 mgd value is equal to MWC’s 
water rights (100 cubic feet per second) and will allow MWC to perfect these rights. 
Although the plant expansion is described as a 65 mgd expansion throughout this 
document, it should be understood that the sustainable summer production will be limited 
to 60 mgd. The winter production is significantly less, as described in later sections. 
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The decision was made to expand the existing water treatment plant using the same 
processes as planned for in the original design to achieve the 65-mgd capacity. This is 
referred to as the Duff No. 1 plant expansion. 

MWC’s ultimate need from the Rogue River supply is estimated at 120 to 125 mgd. The 
increased withdrawal from 65 to 125 mgd will be allowed based on the use of water rights 
owned by MWC’s wholesale customers. Through discussions with MWC during the course 
of this study, it was decided that the target value should be 120 mgd on a sustainable basis, 
allowing for a short-term peak production of 125 mgd. The expansion from 65-mgd (the 
Duff No. 1 expanded capacity) to the 125-mgd ultimate capacity will be accomplished by 
constructing a parallel water treatment plant at the same location as the existing plant. This 
new, second plant is referred to as the Duff No. 2 plant in this report. 

Planning Approach 
The project was addressed using a team approach, with close cooperation between MWC 
and CH2M HILL staff. A series of five workshops were held, as described below, in addition 
to site visits for the architectural and environmental evaluations. The draft findings were 
presented to the MWC board on June 4, 2008. 

• Workshop 1. Identify and develop MWC’s project goals, demand targets, and decision 
criteria 

• Workshop 2. Explore emerging regulations and contaminants, and state of the art 
treatment technologies. 

• Workshop 3. Evaluate Duff No. 1 expansion alternatives. 

• Workshop 4. Evaluate Duff No. 2 expansion alternatives. 

• Workshop 5. Review draft capital improvements plan and project phasing. 

The following documents were prepared during the study and submitted to MWC for 
preliminary review during the course of the project. The documents that provide additional 
information to what is included in the report are included in the Technical Supplement. 

• Duff WTP Facility Plan: Hydraulics Analysis 

• Duff WTP Facility Plan: Biological Reconnaissance Survey 

• Duff WTP Facility Plan: Expansion of High Service Pumping 

• Duff WTP Facility Plan: Intake, Raw Water Pump Station and Raw Water Pipeline 
Evaluation 

• Duff WTP Facility Plan: Seismic Evaluation and Recommendations 

• Workshop No. 3 Agenda and Working Document 

• Workshop No. 4 Agenda and Working Document 

• Workshop No. 5 Agenda and Working Document 
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Project Team 
The following team members contributed to the project: 

MWC Project Team 
Bob Noelle, Water Quality Superintendent, Co-Project Manager 
Eric Johnson, PE, Principal Engineer, Co-Project Manager 
Larry Rains, PE, Manager 
Jim Stockton, Water Treatment Plant Supervisor 
Dan Perkins, Chief Operator 

CH2M HILL Project Team 
Paul Berg, PE, Project Manager 
Tom Engleson, PE, Treatment Process Engineer 
Mark Carlson, Ph.D., PE, Treatment Process Engineer 
Sheryl Stuart, Ph.D., Treatment Process Engineering 
Paul Swaim, PE, Senior Reviewer 
Rich Frankenfield, PE, Plant Hydraulics 
John Cave, Architect 
Russell Huddleston, Environmental Site Analysis 
Nathan Wallace, Seismic Evaluation 
John Sams, Cost Estimating 
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SECTION 2  

Description of Duff No.1 WTP 

The existing WTP, Duff No. 1, was initially put into service in 1968 to provide treatment of 
MWC’s Rogue River source. Its original capacity was 15 mgd. It was subsequently 
expanded to 30 mgd in 1983 and to its present, 45-mgd capacity through a series of projects 
beginning in 1998. 

Production History 
The existing Duff No. 1 plant is rated for a summertime production of approximately 
45 mgd and a wintertime production of approximately 10 mgd. These values represent the 
gross production, which is defined as the flow treated through the plant. The net 
production, the water that can be delivered to customers, equals the gross production minus 
the water used for backwashing filters and other in-plant uses. The production efficiency 
equals the net production divided by the gross production.  

To date, the highest gross production rate achieved through the plant has been 
approximately 28,000 gallons per minute (gpm). This is equivalent to 40 mgd if the 
production rate had been sustained over a full 24 hours, but it was not operated at this rate 
for that period. Since wintertime demands have remained less than the production capacity 
of Big Butte Springs (26.4 mgd), MWC has not needed to operate the plant during the winter 
months. Duff No. 1 also would be brought on line should the Big Butte Springs fail for any 
reason, but this has not happened. 

System constraints, including limitations of the finished water transmission piping and 
finished water storage, have generally prevented the operators from producing a constant 
flow from the plant over a 24-hour period. Instead, production is ramped up steeply in the 
early morning to help maintain reservoir storage during the peak demand periods. The 
balance of the daily production refills and maintains system storage. The production rate is 
reduced during the night or even completely shut off depending on system demands. In 
general, media filtration is most water-efficient and energy-efficient if a steady production 
rate can be maintained. 

Exhibit 2-1 summarizes the recent production history for the plant. The “Raw” columns 
refer to the water pumped from the river. The “Finished” columns refer to the quantity of 
treated water that is pumped into the system. The highest monthly production to date has 
been 844 million gallons (MG) in August of 2005. The operators reported that the highest 
single day production to date was 33.35 MG on July 30, 2003. 

The production efficiency has ranged from 93 to 97 percent during the peak summer 
months. It has been lower during May, June, September, and October because of the part-
time operation during these lower demand months. The filters are regularly backwashed 
even when the production is low, resulting in a lower efficiency. The 93 to 97 percent 
efficiency achieved during the peak summer months is a typical level for a plant of this type. 
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Description of Processes 
Duff No. 1 can be described as a conventional media, direct filtration plant. It operates with 
minimal flocculation and sedimentation during the summer months. Hydraulic flocculation 
baffles enable it to provide limited pre-treatment during the lower flow, higher turbidity 
periods of the late spring and early fall months. Both turbidity and particle count data 
indicate that the plant has been highly effective during the summer months. 

Exhibit 2-2 illustrates the major processes of the plant, and Exhibit 2-3 provides a tabular 
summary of the major processes and their capacities. Exhibit 2-4 shows a plan view of the 
existing plant. 

MWC currently has projects underway to improve or expand specific components of the 
plant. These include projects to replace the backwash waste ponds with washwater lagoons 
(as shown in Exhibit 2-4), to retrofit the intake with fish-compliant screens, and to install 
new liquid chlorine and carbon dioxide chemical systems. A description of the existing 
intake and its proposed retrofit is presented in a later chapter of this report. 

Chemical Systems 
All chemical systems, with the exception of the lime feed system, have been or are being 
upgraded. MWC is completing replacement of the gas chlorine system with a bulk liquid 
sodium hypochlorite system in 2008. MWC has been using polyaluminum chloride (PACl) 
as the primary coagulant since 2003. Prior to that time, aluminum sulfate (alum) was used. 
MWC found that PACl has performed reliably at lower doses than alum, resulting in lower 
solids production. It also does not lower the pH as much as alum. 

The plant has a dry lime feed system that has not been used for several years and will be 
abandoned. Bags of lime were hoisted to the third floor of the operations building where 
they were loaded by hand into storage hoppers that supply the volumetric feeders. During 
summer operation, MWC generally has not needed to use the lime system for either pH 
control or to achieve compliance with the Lead and Copper Rule. It was decided in the 1997 
plan that the lime system should be retained as a means to add alkalinity if needed with the 
expected higher wintertime coagulant doses. 

Clearwell and Primary Disinfection 
Finished water is stored in two interconnected reservoirs and in the clearwell located 
beneath the high service pump station room. Short-circuiting occurs in the clearwell, 
meaning that water entering this basin can flow directly to the pump intakes without 
remaining in the basin for an appreciable amount of time. Therefore, only a fraction of the 
storage volume can be credited for disinfection contact time. They provide 4.8 million 
gallons of storage when full. For calculating disinfection contact time, both MWC and the 
state Drinking Water Program have estimated the contact time efficiency of the finished 
water storage at 30 percent, which is relatively high for an unbaffled tank. MWC may wish 
to confirm the contact time efficiency value by conducting a tracer test. 

In a 1994 Comprehensive Performance Evaluation, the Oregon Department of Human 
Resources granted the plant a 2-log Giardia removal credit and a 1.67 log disinfection credit 
at flows up to 30 mgd. A total removal credit of 2.5 log was granted by the state for the 
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45-mgd summer capacity following the 1998 improvements. According to the April 27, 1998, 
letter from the Drinking Water Program to MWC, the state categorized the plant as a 
conventional, rather than direct, filtration plant following the 1998 improvements to the 
flocculation and sedimentation basins. As such, the coagulation-filtration process is credited 
with 2.5 log removal of Giardia cysts. The primary disinfection system must therefore 
provide 0.5 log inactivation to achieve the total treatment requirement of 3.0 log removal/ 
inactivation. 

The Duff WTP has achieved excellent particle removal results, as indicated by turbidity and 
particle count data. MWC meets its goal for a finished water turbidity of 0.05 ntu, and 
95 percent of the time achieves 0.05 ntu turbidity measurements on each individual filter 
effluent. However, despite its success in particle removal, the plant can only marginally be 
classified as a conventional filtration plant. During the summer, high flow periods, the 
baffles in the flocculation basins are intended to be swung out of the flow path. The 
flocculation process time and the sedimentation overflow rate are inadequate to achieve the 
level of pretreatment that is normally associated with conventional filtration. Therefore, it is 
possible that future evaluations by the state will credit the coagulation-filtration process 
with only 2.0 log removal, thereby increasing the disinfection requirement from 0.5 to 
1.0 log. 

The currently practiced approach of prechlorination to achieve a residual of approximately 
0.2 mg/L followed by post-filtration chlorination to achieve a residual of approximately 
0.8 mg/L achieves 0.5 log disinfection at flows up to approximately 94 mgd in the summer 
months. This is a calculated value based on the following worst-case water quality 
conditions: the highest pH, lowest water temperature, and a reservoir efficiency of 0.3. 
However, if the plant was required to achieve 1.0 log disinfection, which would be needed if 
the filtration credit was reduced to 2.0 log, current disinfection is only sufficient for flows up 
to 47 mgd. Therefore, it is possible that future state evaluations may not credit the 
disinfection as being adequate for the proposed expansion to 65 mgd. 

The plant could achieve 1.0 log disinfection by raising the chlorine dose, increasing the 
efficiency of the reservoir by baffling, and/or increasing the ozone dose and taking credit 
for ozone disinfection. The plant now operates the ozone system to achieve taste and odor 
control and to eliminate cyanotoxins. By slightly increasing the applied ozone dose and 
more carefully monitoring the ozone residual in the first cells, MWC could report and be 
credited for ozone disinfection. There are two ozone generators installed at the plant, each 
capable of producing 600 pounds per day (ppd). They are sufficiently sized to provide a 
dose of up to 2.4 mg/L for a plant production of 60 mgd. If operated at higher doses for 
disinfection, the ozone residual may need to be quenched at the outlet of the contactors. The 
other impacts of operating at a higher ozone dose are higher operating costs for power and 
liquid oxygen, and possibly the need for additional liquid oxygen tankage to provide at 
least 10 days of storage. A higher ozone dose will also increase the level of bromate, a by-
product of ozonation. However, bromate levels in MWC’s system are low and this is not 
considered a significant concern. MWC should monitor bromate levels if higher ozone doses 
are applied to confirm that bromate is not a limiting factor. 
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EXHIBIT 2-1 
Monthly Production History for Duff WTP, 2005-2007 

  Flows 

Year Month 
Raw 
(MG) 

Raw 
(mgd) 

Finished 
(MG) 

Finished 
(mgd) 

Production 
Efficiency 

2005 May 60 1.9 48 1.5 80% 

 June 250 8.3 231 7.7 92% 

 July 773 24.9 748 24.1 97% 

 August 844 27.2 820 26.5 97% 

 September 383 12.8 360 12.0 94% 

 October 47 1.5 38 1.3 81% 

2006 May 259 8.4 237 7.6 92% 

 June 400 13.3 373 12.6 93% 

 July 823 26.5 767 25.5 93% 

 August 717 23.1 667 21.7 93% 

 September 454 15.1 427 14.2 94% 

 October 102 3.3 86 2.8 84% 

2007 May 308 9.9 279 9.0 91% 

 June 596 19.9 555 18.5 93% 

 July 753 24.3 703 22.7 93% 

 August 721 23.3 673 21.7 93% 

 September 460 15.3 418 13.9 91% 

Total for 3 Years 7,950  7,430  93% 

Average Per Year 2,650  2,477   
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EXHIBIT 2-2  
Duff No. 1 Process Schematic 
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EXHIBIT 2-3 
Duff No. 1 WTP Design Data Summary   

Process 
Existing Size or 

Capacity Units Notes 

Plant Capacity    

Design Capacity Summer 45 mgd  

Nominal Capacity Wintertime 9.6 mgd Limited by sedimentation basin area 

Design Capacity Summer 31,000 gpm  

Nominal Capacity Wintertime 6,700 gpm Limited by sedimentation basin area 

Intake    

Type Tee screens  Project to install tee screens underway in 
2008-2009 

Capacity 65 mgd New tee screens with comply with 
fisheries criteria at 65 mgd 

Raw Water Pumping    

Type Vertical turbine   

Number of Pumps 5   

Capacity, pump No. 1 15,625 gpm 500 hp; installed 1968; rebuilt 1996 

Capacity, pump No. 2 5,200 gpm 200 hp; replaced 2005 

Capacity, pump No. 3 15,625 gpm 500 hp; installed 1982 

Capacity, pump No. 4 5,200 gpm 200 hp; installed 1995 

Capacity, pump No. 5 5,200 gpm 200 hp; installed 1968; rebuilt 2007 

Combined approximate capacity 62 mgd All pumps running; does not allow for 
redundancy 

Combined approximate capacity 43,000 gpm All pumps running; does not allow for 
redundancy 

Approximate firm capacity 39 mgd One large pump out of service 

Approximate firm capacity 27,000 gpm One large pump out of service 

Discharge head at 60 mgd 105 feet Approximate 

Raw Water Transmission Pipelines    

Diameter 30, 36, and 48" inches Parallel 30" and 36", followed by 
single 48" 

Length 1,000 feet  

Capacity 60 mgd Capable of 65 mgd as needed for water 
rights testing 

Ozone Contactors    

Number  2   

Type baffled   

Volume, each 281,500 gallons  

Detention time 18 minutes At 45 mgd 

Detention time 13.5 minutes At 60 mgd 
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EXHIBIT 2-3 
Duff No. 1 WTP Design Data Summary   

Process 
Existing Size or 

Capacity Units Notes 

Rapid Mix     

Type Vertical turbine; 
impeller 

  

Drive Type Constant speed   

Volume 180 cubic feet Mixing chamber dimensions  
4' x 7.5' x 6' 

Volume 1,346 gallons  

Detention Time 2.6 seconds At 45 mgd 

Mixer Size 5 hp  

Average Velocity Gradient 690 (seconds)-1  

Flocculators (Winter Operation)    

Type Hydraulic   

Number of Trains 4   

Volume each Basin 80,600 gallons Calculated from inlet channel to last 
flocculators channel baffle wall 

Total Volume 322,400 gallons  

Detention Time 48 minutes At winter flow of 9.6 mgd 

Sedimentation Basins (Winter Operation)    

Number 4   

Area, each 2,380 square feet Calculated from first baffle wall to effluent 
channel 

Total Area 9,520 square feet  

Surface loading rate 0.7 gpm/sf Oregon's criteria for surface loading rate 

Capacity 9.6 mgd  

Filters    

Number 12   

Type Gravity   

Area, each 528 square feet  

Total Area 6336 square feet  

Design Filter Rate 4.9 gpm/sf For 45 mgd production 

Design Filter Rate (one in BW) 5.4 gpm/sf For 45 mgd production 

Bed Design mixed media   

Depth Anthracite 18 inches  

Depth Silica Sand 8.5 inches  

Depth Anthracite 3.5 inches  

Total Fine Media Depth 30 inches  
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EXHIBIT 2-3 
Duff No. 1 WTP Design Data Summary   

Process 
Existing Size or 

Capacity Units Notes 

Filter Underdrain Type    

No. 1-4 Wheeler   

No. 5-8 BIF Hydrocones   

No. 9-12 Leopold blocks   

Filter Backwash     

Number Pumps 1   

Type Vertical Turbine   

Pump Capacity 10,500 Gpm Cascade MF1606A5, at 42.4 ft head; 
replaced 2005 

Pump Motor Size 150 Hp Rebuilt 2005 

Maximum Backwash Rate 19.9 gpm/sf  

Typical Duration, minutes 12.5 minutes Higher BW rate for shorter duration 

Wastewater volume per backwash 76,000 gallons Based on average metered volume 

Filter to Waste    

Typical Duration 30 minutes  

Wastewater FTW volume 40,000 gallons Calculated, using 1330 gpm for 
30 minutes 

Combined Backwash and Filter to Waste   

Combined volume (BW + FTW) 116,000 gallons  

Total Daily Volume 1,392,000 gallons Based on 1 backwash per filter per day 

Ozone System    

Generation capacity 1,200 ppd Two 600 ppd generators 

Maximum dose 2.4 mg/L At 60 mgd 

Finished Water Storage: Reservoir and Clearwell   

Volume, gals 4,800,000 gallons  

Summer Nominal Detention Time 115 minutes Entire volume divided by 60 mgd 

Reservoir Efficiency (T10/T) 30%   

Detention Time for Disinfection 35 minutes Based on reservoir efficiency, at 60 mgd 

High Service Pumps    

Type Vertical turbine   

Number of Pumps 5   

Capacity, pump No. 1 5,800 gpm 450 hp, VFD, replaced in 2005 

Capacity, pump No. 2 5,400 gpm 450 hp, installed in 1968 

Capacity, pump No. 3 5,400 gpm 450 hp, installed in 1968 

Capacity, pump No. 4 10,500 gpm 800 hp, installed in 1980 

Capacity, pump No. 5 10,500 gpm 900 hp, installed in 1996 
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EXHIBIT 2-3 
Duff No. 1 WTP Design Data Summary   

Process 
Existing Size or 

Capacity Units Notes 

Combined approximate capacity 54 mgd  

Combined approximate capacity 38,000 gpm  

Approximate firm capacity 39 mgd With one large pump out of service 

Approximate firm capacity 27,000 gpm With one large pump out of service 

Discharge head at 60 mgd 260 ft  
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EXHIBIT 2-4  
Duff No.1 WTP: Plan View 
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SECTION 3  

Water Quality 

The Duff WTP currently operates as a peaking plant to supplement the supply provided by 
Big Butte Springs. Except for short duration wintertime tests, plant treatment systems have 
only operated between the months of May to September, and raw water data routinely have 
been collected only during these months. In general, the colder water temperatures and 
higher turbidity during winter months provide more treatment challenges than summer 
conditions. More pre-treatment, including higher coagulant dosing and more flocculation 
and sedimentation of the influent solids will be required to maximize the efficiency of the 
filters during the winter. Total organic carbon (TOC) data are helpful in assessing the 
potential for disinfection byproduct formation. Year round raw water quality data, 
including temperature, alkalinity, turbidity, pH, and total organic carbon (TOC) will be 
critical to optimize year-round operation of Duff No. 1, and to aid in the design of Duff 
No. 2. A schedule for recommended wintertime water quality monitoring is contained in the 
Exhibit 3-1. 

Exhibit 3-2 provides a summary of the last three seasons (2005 to 2007) of operation of Duff 
WTP. Monthly flows, average chemical doses, and raw and finished water quality 
parameters are shown. During this period, the lowest recorded raw water temperature was 
12 degrees Celsius in October of 2006. Alkalinity was relatively stable, averaging 32 mg/L as 
CaCO3 and ranging from 29 to 36 mg/L as CaCO3. Turbidity averaged 2.2 ntu, and the 
highest average monthly and maximum daily raw water turbidities of 4.5 ntu and 16 ntu, 
respectively, occurred in May of each year. Raw water pH averaged 7.6 over the period, but 
because of diurnal fluctuations between 7.3 and 8.5, a CO2 system is being added to 
moderate pH fluctuations and produce finished water with a target pH of 7.3. To date, Duff 
No. 1 has succeeded in meeting MWC’s goal of providing finished water with turbidity less 
than 0.05 ntu. 

The plant was challenged by raw water quality conditions in May 2008, just as this report 
was being finalized. The snow pack for the 2007-2008 winter season was unusually large. 
Very high temperatures were reached in the Rogue Valley during the month, resulting in 
rapid snow melt and high river flows, which yielded high turbidities at the plant intake 
because of bank scour and landslides. Raw water turbidities to the plant ranged from 10 to 
60 ntu over nearly a three-week period. During the same time, water demand within the 
community rose quickly because of the hot weather, with resulting production demands on 
the plant of 15 to 30 mgd. Water temperatures ranged from 9 to 16 degrees Celsius during 
this period. 

The plant successfully met all finished water parameters during this month but it did 
require beyond-normal operator attention and time. The operators relied on the streaming 
current monitor and pilot filter to adjust the coagulant dose. Polyaluminum chloride (PACl) 
was fed at 9-14 mg/L, with an average of 10 mg/L. No coagulant aid polymer was used. 
The flocculation baffles were set in a typical summer position, with the baffles in channels 
one and two retracted (out of the flow path) and the baffles in channels three and four 
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deployed. The turbidity removal in the contact basins was 30-80 percent. The filter influent 
turbidity ranged from 4-17 ntu. The resulting filter run lengths were 15-17 hours at a loading 
rate of 2.3 to 3.5 gpm/sf. An increase in filter aid polymer application from 0.035 to 
0.04 mg/L was found to increase filter runs to approximately 20 hours. 

Raw water temperature affects mixing processes (rapid mix and flocculation), filtration, 
rates, membrane flux rates, and disinfection effectiveness. Exhibit 3-3 presents minimum, 
maximum, and average monthly Rogue River temperature data collected daily at USGS 
Station 14359000 located at Raygold (River Mile 125.8 or approximately 5 miles downstream 
of the Duff intake) near Central Point, OR, from October 2004 to September 2005. The 
Raygold sample site is located downstream of the Medford Wastewater Treatment Plant 
and the Bear Creek tributary. Also included in the exhibit are minimum monthly 
temperature data from Exhibit 3-1, measured at the Duff WTP from 2005 through 2007. The 
minimum summertime temperatures measured at Duff WTP are closer to the average 
temperatures measured at the USGS station. 

Exhibit 3-4 presents a summary by month of Rogue River turbidity data collected at DEQ’s 
Dodge Park Station (River Mile 138.4 or approximately 7 miles upstream of the Duff intake) 
from 1977 to 2007. Typically, data were collected one day per month, so this data set does 
not necessarily capture the highest turbidity events associated with stormwater runoff or 
dam releases. Nevertheless, the data begins to provide a basis for differences between 
summer and winter water quality. As shown on Exhibit 3-4, summer water turbidity 
averages approximately 2 ntu, with a very narrow range of minimum and maximum values. 

The DEQ data agrees well with turbidity data collected at Duff WTP for the months of June 
through October. In May, the daily turbidity data from the Duff WTP produced higher 
average and maximum turbidity values than the DEQ data provided. There is one major 
tributary to the Rogue River between Dodge Park and the Duff intake, and this is Little 
Butte Creek, which enters the river about one-half mile upstream of the intake. As 
illustrated by the wider error bars on the winter months, winter turbidity values fluctuate 
more widely than summer values. The maximum winter turbidity in the DEQ data set was 
approximately 45 ntu. Anecdotal evidence suggests that turbidity values could exceed 
100 ntu on occasion. This would not be unusual in a western Oregon river. The average 
turbidity for the months of November through March was approximately 7 ntu. Similarly to 
what was observed for the month of May, future daily turbidity measurements during the 
winter months are likely to increase both the average and maximum wintertime turbidity 
values. For facility planning purposes, average and maximum raw water turbidity values of 
10 and 100 ntu were assumed. 

Exhibit 3-5 presents a summary by month of Rogue River alkalinity data collected at DEQ’s 
Dodge Park Station from 1965 to 2007. These data indicate that raw water alkalinity does not 
vary significantly with season. Average summer monthly alkalinity data from Duff WTP are 
slightly higher than the DEQ data.  

MWC has measured raw water TOC monthly since 2002. Exhibit 3-6 presents a summary of 
this TOC data by month. TOC concentrations have been approximately twice as high during 
winter months with wider variability than during summer months. Winter TOC has 
averaged approximately 2.3 mg/L ranging from 1 mg/L to 6 mg/L, and summer TOC has 
averaged 1.3 mg/L ranging from 0.8 to 3 mg/L. Increases in TOC concentrations in raw 
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water are often associated with increases in DBP levels in the finished water. It is 
recommended that MWC monitor both TOC and DOC to further characterize the source 
water and to help refine treatment approaches required for this source during the winter. 
These parameters are listed in Exhibit 3-1. 

MWC has engaged in raw water and finished water monitoring of several parameters in 
anticipation of requirements from two rules: the Stage 2 Enhanced Surface Water Treatment 
Rule and the Disinfection Byproducts Rule. Rogue River samples have been tested for the 
presence of Cryptosporidium, and finished water samples have been tested for disinfection 
byproducts. MWC has collected about 50 months of Cryptosporidium data, and has 
submitted a validated set for 24 months. The 12 month average incidence of Cryptosporidium 
was 0.042 cysts per liter, which indicates very low occurrence. 

Disinfection byproduct concentrations measured in the finished water are summarized in 
Exhibit 3-7. These data were only collected during the months of May through October 
from sampling station 3, which is the Duff WTP. Water at this location in the summer 
months is representative of the Rogue River source only, without influence from the Big 
Butte Springs supply. Concentrations of total trihalomethanes (TTHM) and haloacetic acids 
(HAA5) have averaged below 0.025 mg/L, well below the Stage 2 Disinfection Byproduct 
Rule limits of 0.08 mg/L and 0.06 mg/L for TTHMs and HAA5s respectively. The wide 
error bars indicate a large degree of variability of samples to date. 

In summary, the eventual wintertime operation of Duff No. 1 and Duff No. 2 when it is 
constructed must address water quality challenges beyond those experienced to date. It is 
recommended that MWC invest in treatability studies over the next two to three winters to 
anticipate the challenges from the following factors: 

• Higher turbidities 
• Higher levels of naturally occurring organics (TOC and DOC) 
• Colder water temperatures 
• More rapidly changing raw water quality conditions. 
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EXHIBIT 3-1 
Recommended Wintertime Data Collection Program for the Rogue 
River 

No. Parameter Frequency 

1 TOC Monthly 

2 Filtered UV 254 absorbance Monthly 

3 Unfiltered UV 254 absorbance Monthly 

4 pH Weekly 

5 Alkalinity Weekly 

6 Turbidity Daily 

7 Temperature Weekly 

8 Silica Monthly 

9 Iron Monthly 

10 Manganese Monthly 

11 Ammonia Monthly 

12 Bromide Quarterly 

13 Dissolved organic carbon (DOC) Monthly 
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EXHIBIT 3-2 
Medford Water Quality and Chemical Use Data 

  Average Chemical Dose (mg/L) Raw Water Quality Clearwell Outlet 

Year Month 

Poly-
aluminum 
Chloride Ozone 

Filter 
Aid 

Polymer 
Pre- 

Chlorine 
Carbon 
Dioxide 

Filter 
Effluent 
Chlorine 

Low 
Temp 

(F) 

Low 
Temp 

(C) 

Average 
Alkalinity
(mg/L as 
CaCO3) 

Avg. 
Turbidity

(ntu) 

Max. 
Turbidity

(ntu) 
Avg.
pH 

Avg. 
pH 

Chlorine  
Residual  
(mg/L) 

2005 May 9.5 1.26 0.025 1  0.76 57 14 35 4.5 12.4 7.8 7.5 0.38 
 June 6.8 1.23 0.027 1.02 1.64 55 13 32 1.3 3.2 7.6 7.3 0.62 
 July 6.1 1.05 0.03 1.05 0.74 61 16 33 1.7 2.4 7.7 7.2 0.70 
 August 4.9 0.96 0.029 1.06 0.72 63 17 33 2.0 3.1 7.7 7.3 0.67 
 September 6.5 1.03 0.03 1.04 0.63 56 13 34 1.9 2.2 7.8 7.3 0.56 
 October 5.1 1.03 0.03 1.17 0.63 51 11 36 1.8 2.5 7.7 7.2 0.53 

2006 May 7.9 1.1 0.037 1.49 0.59 57 14 30 4.2 16.0 7.7 7.2 0.62 
 June 6.4 1.03  1.34 0.60 60 16 29 1.7 2.7 7.4 7.1 0.63 
 July 5.4 0.96 0.032 1.13 0.60 61 16 29 1.7 2.1 7.5 7.2 0.64 
 August 5.4 0.93 0.034 1.13 0.61 63 17 30 1.9 2.5 7.6 7.3 0.63 
 September 4.2 0.65 0.023 1.32 0.46 59 15 32 2.0 2.4 7.9 7.4 0.61 
 October 6.1 0.85 0.035 1.49 0.30 54 12 34 1.6 3.2 7.2 7,3 0.58 

2007 May 7.6 1.1 0.038 1.1 0.61 56 13 29 2.1 2.8 7.6 7.2 0.63 
 June 6.8 1.05 0.035 1.11 0.60 59 15 29 1.8 2.3 7.7 7.3 0.63 
 July 5.4 0.96 0.032 1.15 0.60 61 16 30 2.7 3.4 7.7 7.4 0.69 
 August 5.4 0.93 0.034 1.13 0.61 64 18 33 2.5 3.0 7.8 7.4 0.70 
 September 4.2 0.65 0.023 1.14 

(to
 s

ta
rt 

up
 in

 s
um

m
er

 2
00

8)
 

0.46 59 15 33 2.6 2.6 7.1 7.4 0.62 

 AVG 6.1 1.0 0.03 1.2  0.7 59 15 32 2.2 4.0 7.6 7.3 0.61 
 MIN 4.2 0.7 0.02 1.0  0.3 51 11 29 1.3 2.1 7.1 7.1 0.38 
 MAX 9.5 1.3 0.04 1.5  1.6 64.0 17.8 36 4.5 16.0 7.9 7.5 0.70 

Notes: 
1. RW chlorine is added ahead of the rapid mix; effluent chlorine is added to the filter effluent flume 
2. MWC began feeding polyaluminum chloride (by Kemira, PAX XL-19) in summer 2003. Use of caustic and coagulant aid polymer were discontinued at that time.  
3. Finished water alkalinity averages approximately 29 mg/L. The typical range is 27-31 mg/L. MWC does not have a specific target value. 
4. The summer diurnal RW pH range is 7.3 to 8.3 units. The CO2 system will operate as needed to achieve a target FW pH of approximately 7.3. The anticipated CO2 dose is up 

to 5 mg/L for portions of a typical summer day. 
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EXHIBIT 3-3 
Rogue River Monthly Temperatures Measured at USGS Station 14359000 at Raygold (2004-2005) and at Duff WTP, 
(2005-2007) 

0

5

10

15

20

25

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Te
m

pe
ra

tu
re

 (d
eg

re
es

 C
el

ci
us

)

Max
Average
Min
Min Duff WTP

 
EXHIBIT 3-4 
Rogue River Turbidity at Dodge Park Station (average of periodic grab sample data, 1977-2007); and Duff WTP 
(maximum observed during month, 2002-2005) 
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EXHIBIT 3-5 
Rogue River Average Alkalinity by Month (DEQ data: periodic grab samples, 1965-2007; Duff WTP data: daily samples, 
2005-2007) 
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EXHIBIT 3-6 
Rogue River Monthly Average TOC Concentration (periodic grab samples, 1995-2007) 
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EXHIBIT 3-7 
Rogue River Monthly Average Total Trihalomethane and Haloacetic Acid Concentrations (periodic grab samples from the 
Duff WTP during summer periods when the plant has been operating, 1985-2007) 
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SECTION 4 

Demand Planning 

This Facility Plan is a companion to the Distribution System Facility Plan that was completed 
for MWC in July 2007. The distribution plan included detailed analyses of water demand 
patterns and projections for the MWC system that also provided the basis for this WTP 
Facility Plan. 

Exhibit 4-1 summarizes the timeline for expansion of Duff No. 1 from its current summer 
capacity of 45 mgd to a capacity of 65 mgd, and three 20-mgd increments of growth of an 
entirely new facility, Duff No. 2. The timeline presented in Exhibit 4-1 was dictated by the 
need to satisfy the projected maximum day demands (MDD) of the system. Big Butte 
Springs was assumed to continue to reliably supply 26.4 mgd throughout the planning 
period. As is current practice, demands greater than 26.4 mgd will be supplied by MWC 
facilities on the Rogue River. The combined summer capacity of both Duff No.1 and No. 2, 
and the total supply capacity, including BBS, are indicated on the exhibit. For planning 
purposes, WTP capacity expansions are anticipated to be needed by 2012, 2021, 2034, and 
2048. The dates will be adjusted based on actual demand growth within the system. 

Because the Rogue River has very low turbidity during the summer months, when Duff 
No. 1 has traditionally operated, significant pretreatment is not required prior to media 
filtration. When hinged baffles in the flocculation basins are fully open (out of the flow 
path), the plant is rated at 45 mgd. As demands increase, operation of Duff No. 1 will begin 
to be required year-round. Under winter raw water quality conditions, more solids removal 
will be required prior to the filters. When the hinged baffles are in position to provide 
flocculation, the rated capacity of the existing plant is reduced to approximately 10 mgd, 
based on current flocculation and sedimentation criteria (30 minutes of flocculation and an 
overflow rate of 0.7 gpm per square feet). 

When commissioned, Duff No. 2 is anticipated to become the facility that operates year-
round, and Duff No. 1 will revert to a summertime peaking facility. Exhibit 4-2 shows the 
winter maximum day demand projections from 2006 to 2026. Duff No. 1 will need to meet 
the wintertime demands in excess of 26.4 mgd until Duff No. 2 begins operation. This chart 
suggests that wintertime operation of Duff No. 1 will commence between 2010 and 2012. 
The actual commencement of wintertime operation will depend on demand growth within 
the system. As also shown on the exhibit, the maximum winter supply anticipated to be 
required from Duff No. 1 is less than 10 mgd. In selecting the process for the expansion of 
Duff No. 1, consideration also was given to increasing the wintertime capacity to make sure 
that winter demands reasonably could be met prior to Duff No. 2 coming on-line. 

Exhibit 4-3 shows long-term summer and winter demand projections. By the end of the 
planning period in 2056, the maximum winter demand is anticipated to approach 60 mgd, 
or approximately 34 mgd greater than the supply from BBS. This means that Duff No. 2 will 
need to provide a maximum summer supply of 60 mgd and a winter supply of 
approximately 34 mgd. 
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EXHIBIT 4-1 
Expansion Plan for the Duff No. 1 & 2 WTPs (summer demands and summer production capacity) 
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EXHIBIT 4-2 
Supply Capacity Expansion Plan and Estimated Maximum Winter Production at Duff WTP 
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EXHIBIT 4-3 
Long Term Needs from Rogue River Source 
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SECTION 5 

Regulations and State of the Art Treatment 
Approaches 

This section focuses on new drinking water regulations and MWC’s ability to meet or 
exceed regulatory requirements as it expands supply capacity. The chapter provides an 
introduction to ultraviolet disinfection and membrane filtration since those technologies are 
becoming more commonplace in the waterworks industry. 

Long Term 2 Enhanced Surface Water Treatment Rule 
(LT2ESWTR)  
The LT2ESWTR is the latest in a series of surface water treatment regulations related to 
removal of microbiological, inorganic, organic, and radiological contaminants from drinking 
water. The LT2ESWTR, promulgated on December 15, 2005, focuses on protecting public 
health against risks posed by Cryptosporidium and other microbial pathogens. All filtered 
water systems, such as MWC, must obtain 3-log removal of Cryptosporidium. The 
LT2ESWTR imposes additional treatment requirements depending upon how a system is 
classified based on the concentration of Cryptosporidium in its raw water source. If the mean 
Cryptosporidium source water concentration is below 0.075 per liter, a system is classified as 
“Bin 1,”and no additional treatment is required. 

MWC has collected about 50 months of Cryptosporidium data, and has submitted a validated 
set for 24 months. The 12-month average was 0.042 per liter, which preliminarily places 
MWC in Bin 1 for regulatory compliance. A Bin 1 classification means that no additional 
treatment is required. MWC is scheduled to begin the second round of monitoring April 1, 
2015. 

Stage 2 Disinfection Byproduct Rule (S2DBP) 
The S2DBP Rule is designed to reduce peak disinfection byproduct concentrations in the 
distribution system and to eliminate areas where customers receive excessive levels of 
DBPs. DBPs include trihalomethanes and haloacetic acids. The concentration of DBPs 
fluctuate based on changes in raw water quality, variations in treatment, chlorine 
concentrations, and water age, and have been found to vary geographically in distribution 
systems. The S2DBP rule requires compliance at all geographical locations within a 
distribution system. 

MWC has qualified for 40/30 certification that reduces the amount of monitoring required 
in the initial distribution system evaluation phase of compliance. For systems, such as 
MWC, that serve more than 100,000 people, every individual sample taken during Stage 1 
monitoring, beginning no earlier than January 2004 must have total trihalomethanes 
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(TTHM) concentrations ≤ 40 μg /L, and five regulated total haloacetic acids (HAA5) 
concentrations ≤ 30 μg /L. 

Following the initial distribution system evaluation, compliance with the maximum 
contaminant levels (MCLs) for TTHMs and HAA5 of 80 and 60 μg/L, respectively, is based 
on a locational running annual average. Average concentrations of TTHMs and HAA5s at 
each sampling site must comply with the MCLs. MWC must achieve compliance with the 
S2DBP Rule by October 1, 2012. 

During winter operation, Duff No. 1 will be treating raw water with higher turbidities and 
TOC levels and colder temperatures. Lower demands during winter operation will lead to 
longer water age within the distribution system. The combination of higher concentrations 
of organics and longer water age may contribute to the formation of disinfection 
byproducts. Counteracting this trend, colder winter temperatures reduce the rate of DBP 
formation. Winter operation changes plus locational compliance requirements may pose 
challenges for MWC and additional evaluation is recommended. See the recommendations 
presented in Section 3 for wintertime treatability studies. 

Contaminants of Potential Concern 
Since the 1980’s, researchers have investigated the occurrence of traces of inorganic and 
organic contaminants in water. These contaminants, called contaminants of potential or 
emerging concern (CPC) or microconstituents, include industrial chemicals, metals, natural 
or synthetic hormones, pharmaceuticals, household chemicals, and personal care products. 
Very few studies have investigated the effect of these trace contaminants on human health. 
The contaminants of greatest current concern are a class of compounds called endocrine 
disruptors. Endocrine disrupters have been shown to cause adverse effects in a variety of 
animal species. Only some of the CPCs are endocrine disrupters. 

CPC’s enter source water from both point (effluent pipe) and non-point (overland runoff) 
sources. MWC source water has limited exposure to point source introduction of CPCs 
because only two small wastewater treatment plants, Shady Cove and Butte Falls, discharge 
upstream of the Duff intake. These flows represent only a small fraction of the overall river 
flows. A compound of particular concern, N-Nitrosodimethylamine (NDMA), is formed 
when municipal wastewater which contains ammonia, is chlorinated for disinfection. MWC 
plans to implement a broad monitoring program for emerging contaminants including 
NDMA. 

Ozone is effective at oxidizing a wide range of organic contaminants. The ozone system was 
originally installed at Duff No. 1 to reduce the concentrations of taste and odor-causing 
compounds and any cyanotoxins that might occur in Lost Lake Reservoir. The system has 
the added benefit of also reducing or eliminating a variety of CPCs. Ozone is not, however, 
effective in reducing levels of NDMA. If MWC’s sampling program identifies NDMA as a 
concern, adjustments to the process selection presented in this report may need to be 
implemented. 
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Alternative Treatment Technologies 
MWC has successfully achieved its water treatment goals by combining ozonation with a 
conventional media filtration treatment approach. However, as it looks toward future 
capacity expansions, MWC wants to ensure that alternative, state of the art treatment 
processes also are considered. Two technologies of particular interest to MWC are 
ultraviolet disinfection and membrane filtration.  

Ultraviolet (UV) Disinfection 
UV disinfection could be included in the treatment process of either Duff No. 1 or Duff 
No. 2 to reduce chlorine disinfection requirements. A UV system could be located upstream 
of the finished water reservoirs because water pressures are lower and the reservoirs 
provide a location for back-up chlorination downstream of the UV unit if a lamp breaks or 
another problem occurs. A UV system could also be located on the finished water line 
(downstream of high service pumps) but this is not recommended because of the higher 
pressures, more variable flow rates, and lack of back-up disinfection contact time during an 
unscheduled shut down. 

Although a UV system could be coupled with ozone to achieve advanced oxidation for the 
removal of CPCs or other organics, advanced oxidation with UV requires a 10-fold UV dose 
compared to disinfection levels. Therefore ozonation is a better candidate for this 
application unless NDMA is detected at significant levels in the source water. 

Low Pressure Membranes 
Low pressure microporous membranes provide a positive barrier to remove particulate and 
colloidal materials from water. Membrane function is not as dependent on coagulant control 
as is the case for media filtration. Therefore membranes are better at handling rapidly 
changing raw water quality. Membranes lend themselves more easily to periodic 
operation—stopping and starting easily without impacting finished water quality. 

Membranes often have lower space requirements than conventional filtration. The potential 
footprint advantage of membranes depends on the level of pretreatment that is required to 
achieve reasonable flux rates (flow through the membranes). The more solids that can be 
removed by pretreatment, the greater the flux rate that can be used, but the greater the 
footprint. Raw water quality data is essential to help determine pretreatment requirements.  

Currently available low pressure membranes are proprietary. Therefore, future membrane 
cost and customer service must be considered. Also, because membrane systems have not 
been available for an extended period, the typical working life of membranes has yet to be 
established. Pall Corporation’s membranes have the record for longest period of operation, 
at approximately 10-years. How long membranes last when treating their design capacity of 
flow is yet to be fully determined, and membrane life is an important part of life cycle cost 
analyses. 
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SECTION 6 

Evaluation of Process Alternatives for 
Expansion of Duff No. 1 to 65 mgd 

Evaluation Background 
MWC staff participated through project workshops to identify and rank the criteria upon 
which different alternatives would be evaluated. The selected evaluation criteria and their 
relative weighting are presented in Exhibit 6-1. The weighting values were developed 
through a pair-wise comparison approach, wherein each criterion was compared to all other 
criteria to determine their relative importance. These criteria and their weighting were then 
used in the project to provide an objective approach to comparing alternative processes and 
approaches for expanding Duff No. 1 WTP. 

An early project milestone was to decide whether the next phase of capacity expansion 
should occur at Duff No. 1 as originally planned, or if all of the capacity expansion should 
occur in an entirely new facility. Because many systems in Duff No. 1, including the intake, 
major hydraulic elements, and chemical systems are already sized for the expanded, 65-mgd 
capacity, and because the treatment processes have performed well, moving forward with 
expansion of Duff No. 1 to 65 mgd was determined to be the best way to maximize MWC’s 
investment in infrastructure. 

Existing treatment process capacities were evaluated to establish the baseline wintertime 
and summertime capacities at Duff No. 1. Results of the evaluation are contained in the 
Technical Supplement—Workshop 3 material. Because of the effectiveness of the current 
ozone treatment for taste and odor control, and its potential for treating contaminants of 
potential concern (such as pharmaceuticals and pesticides), ozone pre-treatment was 
included in all alternatives.  

A variety of alternatives for expansion of Duff No. 1 from a summertime capacity of 45 mgd 
to 65 mgd were examined. Alternatives provided different degrees of reliability for treating 
wintertime flows or expanding Duff No. 1’s summer capacity to 65-mgd. Advantages and 
disadvantages of each alternative were discussed in a workshop, and each alternative was 
scored, based on MWC-defined criteria, on a scale of 1 to 5, with 1 being very undesirable 
and 5 being very favorable. Exhibit 6-2 shows the outcome of this process. 

The top-ranked process was Alternative No. 3, which consists of the addition of four filters, 
two contact (winter flocculation/sedimentation) basins, and the upgrade of the 
flocculation/ sedimentation basins with plate settlers to improve pretreatment. This 
alternative ranked slightly higher than Alternative No. 1, which is the same process except 
without the retrofit of the flocculation/sedimentation basins with plate settlers. The plate 
settlers ranked higher because of the expectation of marginal improvements in filter influent 
water quality and because the plate settlers scored well was a proven technology. However, 
the follow-on discussion that was prompted by this exercise led to the conclusion that the 
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improved winter pre-treatment capacity and water quality derived from the plate settlers 
was of limited value to MWC. This conclusion was reached for the following reasons: 

• Six flocculation/sedimentation basins without plate settlers will reliably provide 10 mgd 
or greater winter pre-treatment capacity, which is the maximum winter production that 
will be required from Duff No. 1. Duff No. 2 will provide the wintertime production 
once it is constructed. 

• Plate settlers are a substantial investment and create some hydraulic issues relative to 
summertime operation. 

Although membrane filtration is considered a state-of-the-art process, it did not rank highly 
compared to the alternatives of continuing to use media filtration. This is because it would 
be complex to integrate the membrane processes with the existing infrastructure. 
Additionally, the media filters have consistently demonstrated their effectiveness for this 
water supply. 

Selected Alternative 
To maximize existing infrastructure and provide robust summer and winter treatment, the 
conclusion of the team was to expand Duff No. 1 from 45 to 65 mgd by using the original 
process concept of increasing the number of baffled contact basins and filters. The planned 
expansion will consist of the following: 

• Add contact (flocculation/sedimentation) basins 5-6 
• Add filters 13-16 

Sludge collection equipment will be added to the new flocculation/sedimentation basins 
(5 and 6) to facilitate wintertime operation. By adding sludge collection equipment in two of 
the six basins, this will allow the operators to remove sludge while keeping these two basins 
on line. This will provide a window of time for sequentially removing basins 1-4 from 
service to manually clean them. The use of sludge collection equipment in basins 5-6 will 
provide full-scale performance experience; MWC can consider adding such equipment to 
basins 1-4 in the future. If necessary to improve wintertime performance, MWC will have 
the option of adding plate settlers to one or more contact basins to increase solids removal 
ahead of the filters. 

Some hydraulic limitations, discussed in the next section of this report, will be addressed to 
realize the full 65-mgd capacity. Duff No. 1 will continue to use the existing clearwell 
without expansion. If disinfectant contact time needs to be increased in the future, MWC 
will consider increasing the ozone concentration to obtain disinfection credit for ozonation, 
or baffling the reservoir. Additional reservoir capacity will be included in the plans for Duff 
No. 2. 

As explained in Section 1 of this report, the 65 mgd summer capacity is for short durations. 
A value of 60 mgd will be the sustainable summer capacity. The wintertime need from Duff 
No. 1 is expected to reach only 10 mgd before Duff No. 2 comes on-line and begins to handle 
year-round operation. The wintertime need has been illustrated in the charts provided in 
Section 4. 
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EXHIBIT 6-1 
Medford WTP Evaluation: Criteria Weighting 

 Criteria 
Weighting 

Score Rank 

1 Water quality—meet MWC's goals 26 1 

2 Flexibility (adaptable, expandable) to meet future needs 20 6 

3 Maintenance—minimize requirements & cost; readily available parts 22 4 

4 Proven technology—has track record in US 21 5 

5 Reliability—minimal downtime; treats varying raw water 26 1 

6 Operability—staff skill & levels, safety, start/stop 26 1 

7 Integration with existing 20 6 

8 Sustainability 7 8 

The criteria weighting summarized in this table was developed during project workshops. A pair-wise 
comparison approach was used to develop relative values for each criterion. Each alternative was then scored 
for these criteria, and the weighting times the score yielded a total value. The scoring is shown in Exhibit 6-2. 
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EXHIBIT 6-2 
Duff No.1 Capacity Expansion Evaluation: 45 to 60 mgd 

 Scoring of alternatives: 5 = very favorable; 4 = favorable; 3 = neutral; 2 = undesirable; 1 = very undesirable 

 Weight 26 20 22 21 26 26 20 7   

Alternative 

Water 
Quality-

Meet 
MWC's 
Goals 

Flexibility 
(Adaptable, 
Expandable) 

to Meet Future 
Needs 

Maintenance-
Minimize 

Requirements 
& Cost; Readily 
Available Parts 

Proven 
Technology-

Has Track 
Record In 

US 

Reliability-
Minimal 

Downtime; 
Treats 

Varying Raw 
Water 

Operability-
Staff Skill & 

Levels, 
Safety, 

Start/Stop 

Integration 
With 

Existing Sustainability

Line 
Total 

= 
weight 
x score Rank 

Expand Duff #1 from 45 to 65 mgd           

1 Add 4 filters (13-16); add 2 
contact/ floc-sed basins (5-6)1 

4 4 4.5 4 4 5 5 5 736 2 

2 Add 4 filters (13-16); no 
additional basins 

3.5 3 5 3 3 4 5 5 641 6 

3 Add 4 filters (13-16); add 2 floc/ 
sed basins (5-6) with plate 
settlers2 

5 4 4 4.5 4.5 5 3.5 4.5 741 1 

3a Add 4 filters (13-16); add 2 floc/ 
sed basins (5-6) with tube 
settlers2 

4.5 4 3.5 4.25 4.25 4.75 3.75 4 700 4 

4 Add 4 upgraded (deeper 
media) filters (13-16); Add 2 
contact/ floc-sed basins (5-6)1 

5 4 4.5 4.5 4.25 4.5 3 4.75 724 3 

5 Retrofit 8 of existing filters with 
membranes; no additional floc/ 
sed basins (continued retrofit/ 
expansion for additional 
capacity possible to ultimate 
125 mgd)2 

5 4.5 3 2.5 5 5 2 3 660 5 

6 Combine membrane retrofit of 
some filters (5) with continued 
operation of remaining media 
filters; add 2 contact/ floc-sed 
basins (5-6)1,2 

5 4 2.75 2.25 4.5 3 2.5 3 584 7 
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EXHIBIT 6-2 
Duff No.1 Capacity Expansion Evaluation: 45 to 60 mgd 

 Scoring of alternatives: 5 = very favorable; 4 = favorable; 3 = neutral; 2 = undesirable; 1 = very undesirable 

 Weight 26 20 22 21 26 26 20 7   

Alternative 

Water 
Quality-

Meet 
MWC's 
Goals 

Flexibility 
(Adaptable, 
Expandable) 

to Meet Future 
Needs 

Maintenance-
Minimize 

Requirements 
& Cost; Readily 
Available Parts 

Proven 
Technology-

Has Track 
Record In 

US 

Reliability-
Minimal 

Downtime; 
Treats 

Varying Raw 
Water 

Operability-
Staff Skill & 

Levels, 
Safety, 

Start/Stop 

Integration 
With 

Existing Sustainability

Line 
Total 

= 
weight 
x score Rank 

7 Add 2 filters (13-14); Install 
plates or tubes in existing 
settling basins (1-4), 

3 3 3.5 2 3.5 3 2.5 3.75 502 8 

Expansion by Installation of First 20 mgd Phase of Duff #2 WTP         

8 Install first 20 mgd phase of 
Duff #2 WTP. (This could be 
using membranes or 
conventional filtration—further 
definition needed if this path 
chosen.) 

(Not recommended because much of the 65 mgd infrastructure is in place: ozone generation, ozone contactors, 
chemical systems (chlorine, CO2, polymer, alum), and intake pump station) 

0 9 

Continued use of ozone for taste & odor control and oxidation of organic contaminants was assumed for all alternatives  
1 Summer operation = contact basins; winter operation= floc-sed basins similar to existing basins 
2 Alternative capable of providing long-term winter demand if the BBS source is compromised (transmission line failure, contamination, etc.) 
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SECTION 7 

Hydraulic Evaluation of Duff No. 1 

A detailed hydraulic analysis of Duff No. 1 was performed to confirm that the plant is 
capable of treating 65 mgd and to identify what improvements will be necessary to achieve 
that production rate. The analysis was performed using CH2M HILL’s in-house software 
named “HYDRO.” Model runs were performed for both 45 mgd and 65 mgd. The 45-mgd 
run simulated the existing plant at its maximum rate. The 65-mgd run simulated the 
expanded Duff No. 1 plant operating at the short-term peak rate that will be used to 
certificate MWC’s water rights. The sustained summer maximum capacity of the expanded 
Duff No. 1 WTP will be 60 mgd. 

Data from the 1997 Facility Plan were used for model input. Field calibration was performed 
as part of the 1997 study, providing a relatively high confidence that the model predictions 
are reasonable approximations of field conditions. However, further detailed evaluations 
are recommended when MWC implements final design of the Duff No. 1 expansion. The 
output files from the modeling are included in the Technical Supplement. 

The analysis indicates that the plant is capable of treating water at 45 mgd. The one concern 
is that the water surface at the upstream end of the flocculation/sedimentation basins is 
predicted to be 1,263.21 feet, which is only 3.5 inches below the top of wall elevation at 
1,263.50. This is a less than desirable amount of freeboard and means that even a minor 
obstruction in the flow path (a partially closed gate, etc) could result in water spilling over 
the top of the wall. However, if MWC proceeds with the expansion of Duff No. 1 as 
planned, it is unlikely that the production rate of the plant will reach 45 mgd before other 
improvements that improve the hydraulic profile are implemented. 

The 65 mgd analyses identified hydraulic limitations in the rapid mixer, filter influent 
flume, and reservoirs. These limitations and the recommended corrective actions are as 
follows: 

• The rapid mixer would contribute about 3 feet of head loss. This can be reduced to an 
acceptable level by trimming the baffle plate and lowering the weir wall upstream of the 
rapid mixer. 

• A flow of 65 mgd through the single existing filter influent flume contributes about 
3 feet of headloss. The proposed solution is to add a second filter influent flume to 
distribute flow from the flocculation-sedimentation basins. 

• The headloss in the reservoirs, which would be about 1.1 feet at 65 mgd, occurs because 
of the small opening (48 inches by 60 inches) connecting the reservoirs. This restriction 
can be eliminated by adding two 42-inch diameter openings (pipe spools) between the 
reservoirs. 

The projects list and cost estimate for expansion of Duff No. 1, presented in Section 12, 
includes the hydraulic improvements described for the rapid mix basin, the filter influent 
flume, and the reservoirs. 
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SECTION 8 

High Service and Backwash Pumping for Duff 
No. 1 

The existing high service pump station room houses the one backwash pump and five high 
service pumps. All are vertical turbine pumps, drawing supply from the clearwell beneath 
the room. Of the five high service pumps, the three smaller ones each have a nominal 
capacity rating of 7.5 mgd and the two larger ones have a nominal rating of 15 mgd. The 
current total capacity is approximately 54 mgd and the firm capacity, the capacity with one 
of the largest units out of service, is 39 mgd. 

The existing pump room is quite congested, with narrow walking spaces between pumps 
and piping. The space limitations make maintenance more difficult. During the summer 
months, the time when pumping is at a maximum, the existing heating/ventilation/air 
conditioning (HVAC) system is unable to sufficiently cool the room, making it a challenging 
environment for the operators and increasing the wear caused by heat on the pump motors. 

The expansion goal is to achieve a firm capacity of 60 mgd to match the expanded, sustained 
production capacity of Duff No. 1. 

A second goal is to provide a backup backwash supply so that the plant is not dependent on 
the single unit. Loss of a backwash supply would lead to a complete plant shutdown. In the 
1970’s, during a summertime emergency when the backwash pump failed, MWC installed a 
piped connection from the high service pump discharge line to the backwash supply line, 
using a manually operated control valve. The system was used successfully on that 
occasion. The operators have justified concerns about the dependability, reliability, and 
operability of this configuration. A failure of the valve or other components could damage 
the filter underdrain system and filter media. 

The following four alternatives were considered for expanding the high service pumping 
capacity and providing a redundant backwash pump (or otherwise improving the reliability 
of the backwash supply system). Any of the four would meet the goal of a 60 mgd firm 
capacity. They address the need for improved backwash pump redundancy in different 
ways. 

Alternative 1. Increase high service pump size in existing room. This approach involves 
replacing the three smaller pumps with pumps similar in size to the two larger ones. The 
redundant backwash supply would be accomplished by using a system similar to the 
existing one, a withdrawal from the high service header, but using a more robust and 
reliable valve and control system to minimize the possibility of excess flow that would 
damage the filters. 

Alternative 2. Expand the existing room to the east. The existing pump room could be 
expanded by moving the east wall by about 25 feet and installing two new, larger high 
service pumps in vertical pump suction columns (‘cans’) that are connected to the pump 
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well. Adding two new pumps in this manner frees up space to allow for the addition of a 
second backwash pump. 

Alternative 3. Install a second high service pump building. Two high service pumps could 
be installed in a new, separate high service pump building located to the south of the 
existing room. The pumps would draw suction from the reservoir through a new connection 
and would discharge through a new, parallel header pipe. Adding two new pumps in the 
new building frees up space to allow for the addition of a second backwash pump. 

Alternative 4. Move the backwash supply pump to a new space at the west end of the filter 
complex that would be installed when Filters 13-16 are installed, and install a second 
backwash pump in this facility. This frees up space in the existing high service pump room 
to add a new pump. This addition, plus the replacement of one of the smaller pumps with a 
larger one would enable MWC to achieve the target of 60 mgd firm capacity. 

It was recognized that Alternative 1 would have the lowest cost. However, it was rejected 
because it does not provide the desired reliability for the backwash supply, it increases 
congestion in an already-crowded room, and it increases the heat load on an HVAC system 
that appears to be inadequate for the existing smaller pumps. 

Preliminary cost estimates were developed for the other three alternatives, as follows: 

• Alternative 2, expand existing room—$2.9 million 

• Alternative 3, second high service pump room—$3.6 million 

• Alternative 4, new backwash pump room—$3.1 million ($0.7 million for larger high 
service pumps and $2.4 million for new backwash pump room and pumps) 

Alternatives 2 and 4 have similar costs. At the level of a Facility Plan, the cost difference 
between them may not be significant. Of these two approaches, Alternative 4 was preferred 
because it meets the objectives of expanding high service pumping capacity and adding a 
second backwash pump, and it does so without negatively impacting the appearance of the 
plant building from Table Rock Road. In addition, there are more unknowns with 
expanding the existing room, including the connection to the pump well and relocation of 
the meters and valves for the discharge piping. Therefore, Alternative 4 was selected over 
Alternative 2. 

Alternative 3 also accomplishes the objectives of expanding the high service pumping 
capacity and adding backwash supply reliability but at a higher cost than Alternative 4. 

Implementing Alternative 4 involves the installation of a backwash pump room that will be 
installed as an extension of the proposed Filter 13-16 expansion. Exhibits 8-1 and 8-2 display 
conceptual plan and section view drawings for this proposed facility. The comparative cost 
for Alternative 4 included only the room needed for the backwash pumps, about 25 feet by 
34 feet. MWC decided during review discussions to expand the new room so that it extends 
across the entire width of the filter gallery, to provide additional storage and equipment 
space. The cost estimates provided for expansion of Duff No. 1 in Section 12 of this report 
include the cost for the larger space ($3.5 million versus $3.1 million). The drawings, 
Exhibits 8-1 and 8-2, were prepared to describe this option. As such, they are preliminary 
and the concepts should be evaluated in further detail at the time of design. 
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The room will house two backwash pumps. The existing backwash pump can be reused, as 
it is only five years old, and the second pump will be similar in size and design. Both will 
draw suction from a vertical column (‘pump can’). Water will be supplied to the cans from a 
connection to the filter effluent conduit prior to its entry point into the reservoir. This water 
supply will be upstream of the full primary disinfection (full CT); however backwash water 
remaining in a filter will be disinfected and then will pass through the reservoir before 
reaching the high service pump station and being distributed to customers. In private 
correspondence (a telephone call between Scott Curry of the Oregon Drinking Water 
Program and Bob Noelle, MWC, April 25, 2008), the state indicated that this is an acceptable 
practice. 

In the high service pump room, a high service pump would be placed in the location 
currently occupied by the backwash pump. In addition, Pump No. 2 or 3 would be replaced 
by a new, larger pump. Pumps No. 2 and 3 are smaller pumps and both are 40 years old. 
The two new pumps would be sized at approximately 15 mgd, resulting in four pumps 
sized at 15 mgd and two at 8 mgd, and yielding a firm capacity of 60 mgd. The two new 
high service pumps can be installed one at a time to match demand growth and delay 
capital outlays by MWC. The firm capacity following the installation of a pump in the 
backwash pump location will be approximately 53 mgd. HVAC improvements will also be 
required to handle the increased heat load from the larger pumps. 

Specific surge requirements will need to be evaluated during design. Surge refers to the 
sudden pressure changes that occur when pumps are started or stopped. Any of the 
expansion options will require a surge analysis to determine how best to protect the system 
as a result of the increase in flow. Surge is an important consideration even with the use of 
variable speed drives because a power failure can result in a sudden shutdown of operating 
pumps. 
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EXHIBIT 8-1 
Backwash Pump Station Improvements Plan 

 
 

EXHIBIT 8-2 
Backwash Pump Station Improvements – Cross-Section 
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SECTION 9 

Electrical Supply Improvements for Duff No. 1 

Duff No. 1 is currently fed by a single electric utility service line (a single primary feed). The 
plant also has only a small, trailer-mounted standby generator. This unit provides sufficient 
power to operate the building services (lights and heat) and plant control system, but 
insufficient power for water production. These two factors—a single primary feed and 
insufficient generator capacity for production—make Duff No. 1 vulnerable to shutdowns 
from an electrical supply failure. The electrical supply system in the Medford area has 
historically been very reliable resulting in only short duration, infrequent outages. In 
addition, the risk has proven to be acceptable because MWC’s Big Butte Springs source, 
which reliably supplies 26.4 mgd, is sufficient to meet wintertime demands. In the event of 
an electrical failure during summer periods when Duff No. 1 is operating, MWC can 
implement curtailment measures to reduce demands to wintertime levels. Big Butte Springs 
can meet these demands even during extended periods of shutdown for the Duff No. 1 
plant. 

As demands grow and Duff No. 1 begins year-round operation, the consequences of an 
unplanned electrical shutdown of the plant will become more significant. As noted in 
Section 4 of this report, the demand projections suggest that wintertime operation of Duff 
No. 1 will commence between 2010 and 2012. Wintertime demands represent primarily 
indoor water use. While some indoor uses are non-essential, there is generally less 
opportunity for curtailment reductions than for outdoor uses. MWC can weigh the risks 
versus the costs for standby power as wintertime operations for Duff No. 1 begin and decide 
at that time whether the addition of standby power is warranted. The decision should also 
be made based on the possibility of adding a second primary feed and its cost. 

This section summarizes the options and recommendations to improve plant reliability by 
obtaining a second primary power feed from the utility and by installing a larger standby 
generator that is sufficient for minimal production. 

Second Primary Power Feeder 
Duff No. 1 obtains electric power from Pacific Power (a division of PacifiCorp, Inc) via a 
single primary feed line. The single feed makes the plant inherently vulnerable to a failure 
of one substation or transmission line. 

The project team contacted Pacific Power for information about the possibility of obtaining a 
second primary power supply for Duff No. 1 and eventually, for Duff No. 2. The closest 
alternative feeder is the Fraley Feeder. However, this feeder is currently reaching the end of 
its life span. It requires major upgrades including replacement of the conductors in the 
existing lines and substation improvements before Pacific Power will consider using this 
feeder to supply the plants. It would also require an extension to reach the plant site. 

Pacific Power plans to upgrade the conductors and substation in 2016. Once they have 
implemented those improvements, they will be willing to discuss an extension of the 
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transmission line to the plant site and MWC’s cost share, if any. As a minimum, MWC will 
incur costs for additional switchgear at the plant site. 

If MWC wanted to obtain a second primary feed before 2016, Pacific Power suggested that 
the cost would be greater than $1,000,000. The actual amount is uncertain. Pacific Power was 
unwilling to provide a specific estimate because the upgrade work has not been defined. 
The Facility Plan CIP does not include a cost for this secondary electrical supply because of 
the high degree of uncertainty associated with it. 

Standby Generator Power 
The project team discussed the needed plant production from a standby generator during 
the workshops. MWC staff suggested targeting a minimal production equal to the capacity 
of a single raw water pump and a single high service pump. Although the current small 
pumps have a capacity of approximately 7.5 mgd, the plans call for replacement of these 
with 15 mgd pumps. It was decided that a 15 mgd standby capacity is a reasonable goal. 

The preliminary generator sizing is based on operating the following equipment: one 
500-HP raw water pump, one 900-HP high service pump, coagulant and chlorine feed 
pumps, filter valves, plant lights, heat, and controls. A 2000 kW generator would be 
sufficient to power this equipment. 

The preliminary generator sizing does not include operation of the ozonation system. It 
would require a significantly larger generator to operate it. The option of sizing the standby 
generator for operating the ozone system should be reconsidered at the time of the 
preliminary design to ensure this is an acceptable approach. 

The plant is served by a single 12.47kV utility feeder to a medium-voltage switchgear 
assembly. In order to provide backup power to the plant, an automatic transfer switch (ATS) 
would need to be installed upstream of the medium voltage switchgear. The utility power 
would be diverted to the normal side of the ATS and a standby generator would be 
connected to the alternate side of the ATS. The load side of the ATS would be connected to 
the existing medium voltage switchgear.  

This scenario would allow all equipment connected to the plant to be connected to the 
standby generator. The plant SCADA system would need to be programmed to lock out all 
equipment that is not desired to run when the generator is in operation. Additional 
hardwire interlocks may be required for equipment which is not controlled by the PLC but 
need to be locked out when the generator is in option, such as panel boards, HVAC 
equipment or other miscellaneous loads. 

The estimated construction cost for purchasing and installing a 2000 kW generator and ATS 
is $1,300,000. This estimate does not include contingency, engineering, or escalation. The 
CIP for Duff No. 1 includes this cost for standby power. 
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Summary 
MWC should reexamine the opportunities and costs for a second primary electrical power 
feed to the plant following Pacific Power’s upgrade of the Farley Feeder, which is scheduled 
for 2016. 

MWC could consider the addition of a standby generator for Duff No. 1 when this plant 
begins to operate year-round. Until that time, the supply from Big Butte Springs provides 
adequate system reliability. A 2000 kW generator would be capable of operating the plant at 
a production capacity of approximately 15 mgd, although this would be without the ozone 
system. MWC will need to further evaluate the option of not providing standby power for 
the ozone system. 
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SECTION 10 

Architectural Evaluation of Duff No. 1 

A site assessment of the Duff No. 1 operations building was conducted to evaluate existing 
use of space, and modifications to the floor plan that would allow MWC to more efficiently 
use the space provided in this building. MWC hopes to reclaim space, formerly used for 
chemical systems, as office space for four to six personnel who are currently housed at other 
locations. 

The layout of the existing building, designed and constructed in the late 1960’s, does not 
meet current code requirements for accessibility and fire protection. In general, building 
permits for substantial alterations will only be granted if the building is brought up to 
current code compliance. The Americans with Disabilities Act dictates restroom 
modifications, and the addition of an elevator to provide greater accessibility; and at a 
minimum, the current fire code requires that the existing stairway be enclosed, and a second 
stairway be added to provide two routes for egress. A building official will need to be 
consulted during preliminary design to confirm that the proposed design changes are 
acceptable and will achieve compliance with the appropriate codes. Also, the architectural 
modifications should be closely coordinated with proposed seismic improvements to the 
building. 

Exhibits 10-1 through 10-3 show existing floor plans, and Exhibits 10-4 through 10-6 show 
recommended modifications for all three floors of the operations building. Exhibits 10-4 
through 10-6 show the location of a new elevator and a second stairway that provides 
secondary egress to meet fire codes. As a cost-saving measure and because it is anticipated 
that the second stairway will not be used regularly, it has been shown as an outdoor 
stairway. The proposed changes were developed through site visits and workshop 
discussions with MWC staff. The proposed modifications consist of the following: 

First Floor 
• Enclose the stair lobby with new doors to separate it from the adjacent process spaces, 

which will enable it to be fire-rated as required by code. It may also be necessary to 
replace the wood stairs to the second floor with a noncombustible material to meet code 
requirements. 

• Add a new lobby and elevator off the existing vestibule.  

• Reconfigure the former chlorine storage room and adjacent alum storage and feed room 
as a plant shop. 

Second Floor  
• Add a new corridor system to serve all major spaces, the elevator, and both stairs. 

• Reuse the air compressor room as an office.  
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• Combine the existing men’s restroom and chemical feed rooms to create new ADA-
compliant men’s and women’s toilet/locker/shower rooms. 

• Reconfigure the existing chemical feed room as a conference room.  

• Reuse the existing HVAC room as a kitchen. 

• Add a counter to the west wall of the existing control room to provide a minimum of 
three workstations. Enlarge the existing pilot filter closet in the northwest corner of the 
room to create a storage room. 

• Retain the existing kitchen/sample room as solely a sample room. 

Third Floor  
• Create a new corridor to serve all spaces, the elevator, and both stairs. 

• Add a janitor’s closet off the new corridor. 

• Reconfigure the dry chemical storage and feed space to create office space, office 
storage, plant storage, and an HVAC room. Retain the existing single and double doors 
in the north wall and the monorail to facilitate installation and removal of HVAC 
equipment. A sample layout for office cubicles has been shown but this is for illustration 
purposes and will require further consideration during design. 

• Retain the archive storage. 
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EXHIBIT 10-1 
Duff WTP No. 1: Existing First Floor Plan 
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EXHIBIT 10-2 
Duff WTP No. 1: Existing Second Floor Plan 

 



 

 



10. ARCHETECTURAL EVALUATION OF DUFF NO. 1 

CVO\O82200002 10-7 

EXHIBIT 10-3 
Duff WTP No. 1: Existing Third Floor Plan 
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EXHIBIT 10-4 
Duff WTP No. 1: Proposed First Floor Plan 
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EXHIBIT 10-5 
Duff WTP No. 1: Proposed Second Floor Plan 
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EXHIBIT 10-6 
Duff WTP No. 1: Proposed Third Floor Plan 
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SECTION 11 

Seismic Evaluation of Duff No. 1 

The February 1997 facility plan report for the Duff WTP recommended seismic upgrades for 
the plant. Many of the minor recommendations, such as anchoring and bracing of 
equipment, have been implemented, but the more major upgrades to the operations 
building and reservoir have not been implemented. A component of the present facility 
planning was, therefore, to reconsider the previous recommendations and update them as 
appropriate based on changes in the seismic design codes over the past ten years. 

The previous seismic evaluation of the plant was conducted using the then current national 
standard for evaluation of existing structures under seismic loadings, FEMA 178 (1992). 
Subsequently, FEMA 178 was replaced by ASCE No. 31-03. The seismic evaluation for this 
Facility Plan uses the same data as the 1997 seismic vulnerability, but applies ACSE 
No. 31-03 in place of FEMA 178 to provide updated recommendations. The purpose of this 
evaluation is to identify deficiencies in the existing seismic lateral force resisting systems 
and in the anchorage and bracing of non-structural components under the same loads. The 
final design of mitigation measures is beyond the scope of this report. 

The information presented in this section should be considered together with the 
recommendations that have been developed for architectural modifications to the Duff 
WTP. MWC may relocate up to six office staff to the operations building. Section 10 of this 
report describes these and other proposed architectural modifications. These architectural 
changes are not expected to change the occupancy type or result in demolition that is 
significant enough to require modifications to the building to meet current seismic 
standards. Therefore, the seismic retrofits described in this memo may be voluntary rather 
than required changes. The final determination of whether the seismic retrofits are 
voluntary or mandatory will be made by the local building official following specific 
discussions with that individual. However, whether voluntary or mandatory, MWC has 
indicated that it intends to implement the seismic retrofits. 

The architectural modifications include the addition of an elevator and a second stairway, 
features that can benefit the seismic strength of the operations building. Seismic shear walls 
could be incorporated into these new features. 

Priorities for seismic improvements were developed and ranked according to the following 
categories: 1) improvements that lower the risk to human life and safety, 2) improvements 
that lower the risk of interruptions to the operation of the plant, and 3) improvements that 
mitigate property damage. The resulting recommendations are listed below. Improvements 
to the operations building can be made when the building is remodeled. 

High Priority 
Operations Building: A seismic upgrade of the building requires adding concrete shear 
walls as well as anchoring and bracing non-structural components that could create a 
hazard to the building occupants and people near the building. The majority of the retrofit 
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cost is for the shear walls. The addition of the elevator and second stairway as part of the 
remodel provide a part of the needed shear wall strength, but additional shear walls, 
strengthening of some wall-to-beam connections, and solid grouting of masonry walls are 
needed. 

Moderate Priority 
Reservoir: A seismic upgrade of the reservoir primarily consists of improving the roof-to-
wall attachment. The existing roof-to-wall connection was not designed to account for the 
level of seismic forces that must be considered for new designs. Consequently, the roof 
movement will be transferred in part to the roof columns and these columns could collapse. 
A collapse of the roof would render the reservoir and the Duff WTP unusable for a long 
period. 

Process Equipment: Provide anchoring and bracing for pipes and equipment to comply with 
seismic requirements. A thorough site review of all facilities will be needed during design to 
specifically identify these needs. An allowance was included in the cost estimate to account 
for these modifications, but the extent of this bracing and anchoring work is unknown. 

Low Priority 
There may be additional small, non-essential equipment and furnishings located in the 
operations building that will require bracing and anchoring. The extent of this need is not 
well-defined. MWC has made a number of these improvements in the years since the 1997 
study. A detailed review should be conducted during design to determine if there are other 
items still requiring anchoring or bracing. 
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SECTION 12 

Recommended Improvements – Duff No. 1 
Expansion 

This section summarizes the recommendations for the expansion of Duff No. 1 to a 65 mgd 
summer capacity. As described in Section 1 of the report, the 65 mgd value refers to the 
short-term (less than 24 hour) capacity. Following these improvements, the plant will be 
capable of treating 60 mgd on a sustained basis during the summer months. The winter 
capacity will be sufficient to treat at least 10 mgd, which is the maximum expected need 
from Duff No. 1 prior to bringing Duff No. 2 on line. 

Expanding Duff No. 1 using the same treatment processes that are now in use was the 
approach selected during review of expansion alternatives. The expansion will include two 
new flocculation-sedimentation (contact) basins and four new filters. The intake withdrawal 
facilities (screens and pump well) are sufficient for 65 mgd but replacement of two of the 
smaller pumps with larger pumps will be needed. The chemical systems, including the 
ozone contactors, are sized sufficiently for 65 mgd. The ozone dose may need to be 
increased to meet disinfection (CT) requirements but the generation equipment is already 
sized to provide this dose. 

The proposed expansion includes a new backwash pump room and the addition of a second 
backwash pump, two new larger high service pumps, and yard piping and other hydraulic 
improvements. It also includes architectural and seismic improvements to the operations 
building, seismic upgrades to the reservoirs, and a standby generator. 

The proposed layout for expansion and improvement of Duff No.1 facilities to achieve a 
65-mgd summer capacity is shown in Exhibit 12-1. These facility changes, including costs 
and the fiscal year cycle in which they will be implemented, are summarized in the Duff 
No. 1 capital improvements plan (CIP) presented in Exhibit 12-2. The timing for 
implementing the projects was based upon input from MWC in consideration of funding 
availability. The projected cash flow by fiscal year for these improvements is shown in 
Exhibit 12-3. MWC will be evaluating and adjusting the timing for the individual projects 
based on fiscal restraints and actual system demand growth. 

The cost tables and charts do not include allowances for contingency, engineering, or 
escalation. MWC indicated that they will apply appropriate allowances for these items in 
their specific capital planning. The Seattle-area Engineering News Record Construction Cost 
Index value at the time of this project equaled 8621 (March 2008). Construction costs, in 
particular, material costs, were rapidly escalating at the time that this report was prepared. 
For example, ¼-inch A-36 steel had increased in price from approximately $0.45 per pound 
in January 2008 to $0.88 per pound in May 2008. Therefore, it is essential that costs be 
escalated to the proposed time of construction by considering the component parts of each 
work item rather than by relying solely on a multiplication of the index value. The Technical 
Supplement to this report includes tabulated cost estimates for the proposed work items as 
well as some alternatives that were not selected to be part of the Duff No. 1 expansion. 
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A summary of the recommended improvements to Duff No. 1 follows: 

Process Additions 
• Add contact basins 5-6; install sludge removal equipment in these two new basins 

• Add filters 13-16 

Elimination of Hydraulic Restrictions 
• Rapid mixer: trim the baffle plate and lower the weir wall upstream of the rapid mixer 

• Filter influent flume: add a second flume to balance flow from the flocculation and 
sedimentation basins 

• Yard piping: improvements to backwash waste line, reservoir overflow line, and ozone 
contactors drain lines 

• Reservoir connection: install two 42-inch diameter openings between reservoirs 

High Service and Backwash Pumping 
• Construct a new backwash pump room to house the existing backwash pump and a new 

backwash pump adjacent to the proposed Filters 13-16 

• Add two new, larger-capacity pumps to the existing high service pump room to replace 
the backwash pump and one existing small high service pump 

Electrical Improvements 
• Add 2000 kW standby generator 

• Miscellaneous electrical improvements associated with pumping modifications and 
other expansion improvements 

Architectural Improvements 
• Install an elevator and a second stairway in the operations building to meet code 

requirements  

• Modify restroom/shower facilities to comply with requirements for accessibility.  

• Convert former chemical system space to office, kitchen, conference room, and shop 
space. 

Seismic Upgrades 
• Add concrete shear walls, and anchor and brace non-structural components of the 

operations building 

• Improve the roof-to-wall attachment of the reservoir 

• Anchor and brace pipes, grating, and other equipment in the operations building 
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Intake 
• Replace one of the raw water pump and motor combinations with larger units to 

increase the capacity from approximately 7.5 to 16 mgd 

• Replace the second small raw water pump and motor with larger units to increase the 
capacity from approximately 7.5 to 16 mgd. 

Other Capital Projects Being Implemented by MWC 
In addition to the improvements described in this report and summarized in the Duff No. 1 
CIP, MWC was implementing other, needed improvements, at the time this Facility Plan 
was being developed. These improvements are listed below. Their costs are not included in 
the Duff No. 1 CIP. 

• Modifications to the intake fish screening to increase the withdrawal capacity to 65 mgd 

• Addition of four washwater lagoons to handle residuals resulting from 65 mgd 
production 

• Improvements to chemical systems (chlorine, coagulant, and polymer) 

• Addition of a carbon dioxide system to address summertime daily pH fluctuations 
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EXHIBIT 12-1 
Expansion of Duff No. 1 
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EXHIBIT 12-2 
Duff No. 1 Capital Improvements Plan 

No. Item 

Current 
Capacity 

(mgd) Needs Proposed Improvements FY 
Estimated 

Cost 

1 Intake 65 Regulatory—to meet 
fish screening 
requirements 

MWC replacing screens in 
2008-2009; no improvements 
included in Facility Plan 

09-10 $1,000,000 

2 Operations 
Building 

65 Remodeling to 
accommodate offices 
and seismic upgrades 

Remodel to add office space; 
add shear walls to meet 
seismic codes; add equipment 
bracing for seismic; upgrade 
sanitary sewer system 

09-10 $1,600,000 

3 Raw 
Water 
Pumps 

45 Increase firm capacity 
to 53 mgd 

MWC to replace one smaller 
pump with approx. 16 mgd 
pump 

10-11 $50,000 

4 Backwash 
Pumping 

45 Need redundant pump 
for reliability 

Construct new backwash 
pump room; relocate existing 
backwash pump and install 
new backwash pump; expand 
backwash pump room across 
filter gallery 

11-12 $2,800,000 

5 Filter 
Influent 
Conduit 

45 Capacity—high 
headloss 

Install second filter influent 
conduit 

11-12 $800,000 

6 Filters 45 Capacity Add Filters 13-16 11-12 $4,000,000 

7 Yard 
Piping 
Improve-
ments 

45 Capacity and 
eliminating conflicts 

Modifications to backwash 
waste piping to accommodate 
Filters 13-16; expand 
Reservoir overflow pipeline; 
improvements to drain lines 
from ozone contactors 

11-12 $300,000 

8 Raw 
Water 
Pumps 

45 Increase firm capacity 
to 65 mgd 

MWC to replace one smaller 
pump with approx. 16 mgd 
pump to achieve 65 mgd firm 
capacity 

11-12 $50,000 

9 Reservoir 65 Seismic—roof to wall 
connections 

Seismic upgrades 11-12 $500,000 

10 Reservoir 45 Capacity—high 
headloss at flows 
above 45 mgd 

Install two 42-inch diameter 
wall spools between reservoir 
halves 

11-12 $40,000 

11 Floc-Sed 
Basins 

45 Capacity; improved 
solids removal for 
10 mgd winter 
production 

Add basins 5-6; install solids 
removal mechanism in these 
two new basins 

12-13 $3,700,000 
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EXHIBIT 12-2 
Duff No. 1 Capital Improvements Plan 

No. Item 

Current 
Capacity 

(mgd) Needs Proposed Improvements FY 
Estimated 

Cost 

12 High 
Service 
Pumping 

45 Capacity, to obtain 
60 mgd firm 

Add 2 new 900 hp, 15 mgd 
pumps. One will replace the 
existing backwash pump and 
the second an existing 
7.5 mgd high service pump. 
Both constant speed. 

12-13 $700,000 

13 Rapid 
Mixer 

45 Capacity—high head 
loss at flows above 
45 mgd 

Modifications proposed for 
existing rapid mixer; increases 
hydraulic capacity to 65 mgd 

12-13 $80,000 

14 Standby 
Generator 

0 Backup power for 
15 mgd treatment 
capacity 

Self-contained standby 
generator; 2000 kW; 
transformers for both 480V 
and 480V-2.4kV; automatic 
transfer switch; needed when 
year-round operation of Duff 
No. 1 begins 

>16-17 $1,300,000 

15 Electrical: 
Power 
feed to 
plant 

65 Electrical service 
reliability 

Pacific Power plans to 
upgrade service in 2016; 
MWC could investigate a 
second primary feed at that 
time 

>16-17 Unknown 

Construction Total    $16,900,000 
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EXHIBIT 12-3 
Cash Flow Projections for Expansion of Duff No. 1 and Site Environmental Mitigation 
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SECTION 13 

Planning for Duff No. 2  

A second WTP, Duff No. 2, is expected to be needed to meet summer demands by 
approximately 2021. The initial capacity of Duff No. 2 will be 20 mgd, with two subsequent 
20-mgd expansions planned in 2034 and 2048, to an ultimate capacity of 60 mgd. 
Exhibit 13-1 illustrates the timing for the Duff No. 2 phases. Their timing will be adjusted to 
match actual system demand growth. When fully developed, MWC’s surface water 
treatment plants will have an overall maximum capacity of 125 mgd.  

The following elements were considered in planning for construction of Duff No. 2:  

• Environmental site considerations for permitting and location of facilities 

• Raw water supply planning for a new intake, raw water pump station, and transmission 
pipeline 

• Treatment process, clearwell, and high service pump station alternatives and selection 

• Integration with Duff No. 1 and operational issues 

Each of these topics is discussed in subsequent sections of this plan, along with a final 
section that summarizes recommendations and presents planning-level cost estimates. 

EXHIBIT 13-1 
Timing for Duff No. 2 Expansions 
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SECTION 14 

Environmental Site Assessment for Duff No. 2 

Introduction 
This section describes an environmental assessment of the 41-acre Duff WTP property. The 
Duff No. 1 WTP occupies approximately 13 acres of the property. The remaining 28 acres 
are undeveloped and are currently leased for cattle grazing. 

The objectives of this site environmental evaluation were to identify areas on the property 
that would be most suitable for future expansion, and to determine the biological surveys, 
permits, and mitigation that may be required. This chapter provides a discussion of 
wetlands and special-status wildlife and plant species that may occur on the site along with 
permitting and mitigation requirements associated with these resources. 

A recent court settlement between the U.S. Fish and Wildlife Service and an environmental 
watchdog group, the Center for Biological Diversity (Tucson, AZ), requires the agency to 
complete critical habitat designations for the large-flowered woolly meadowfoam and 
Cook’s desert parsley, both of which are found in the Rogue Valley, by the summer of 2010. 
Both plants were considered in the environmental review, so this settlement is not likely to 
change the findings and recommendations presented in this chapter. 

Property Description 
MWC owns Tax Lot 1300, a 38-acre parcel on which the treatment plant is located, and Tax 
Lot 801, a 3-acre parcel on which the intake and raw water pump station is located. 

Tax Lot 1300 is considered to be a part of the Agate Desert. The Agate Desert is a geologic 
landform found in the central Rouge Valley of southwestern Oregon. It encompasses 
approximately 21 square miles including most of White City. The Agate Desert is 
characterized by a shallow cemented, cobble-gravel layer that restricts the downward 
movement of surface water. A patterned ground consisting of irregularly shaped soil 
mounds with low, often rocky areas between the mounds is a dominate feature of the 
landscape. Seasonal vernal pools form in the low areas. 

Wetlands Assessment 
Previous surveys of the site identified numerous wetland areas on the property including 
vernal pools and vernal pool complexes. Vernal pools are defined as “…a natural habitat of 
the Mediterranean climate region of the Pacific Coast covered by shallow water for extended periods 
during the cool season but completely dry for most of the warm season drought…” (Zedler, 1987). 
Vernal pools are generally characterized by four distinct phases: (1) the wetting phase, 
which occurs during initial fall rainfall when dormant seeds germinate before the pools fill 
with water; (2) the aquatic phase, which occurs when the soils are completely saturated and 
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pools are inundated; (3) the drying phase, which begins as the pool water level decreases 
but soil moisture remains sufficient for plant growth and flowering; and (4) the drought 
phase, which is when pools are completely dry and most plant species have turned brown. 
Vernal pools are typically distinguished from other seasonal wetlands based on a unique 
flora consisting of native plant species, including a number of rare and endemic species that 
are specifically adapted for the cyclical patterns of inundation and drying. 

During the field reconnaissance survey for this Facility Plan, conducted in February 2008, 
numerous vernal pools and pool/swale complexes were observed throughout the 
undeveloped areas of the property, and the general locations of vernal pools and swales 
were mapped. This mapping is provided in Exhibit 14-1. Some of the habitat is degraded 
because of dominance of non-native species but in general, the topography and hydrology 
of the site remain largely intact. 

A qualitative assessment of the wetland areas was conducted during the field survey. The 
undeveloped areas of the property were broadly classified as high, moderate, and low 
quality wetland habitat. Descriptions of these qualitative categories are provided in the 
paragraphs that follow. Exhibit 14-2 shows the approximate boundaries for these categories 
of habitat. 

All wetlands, regardless of quality, are regulated by state and federal agencies. Impacts to 
even low quality wetlands will require compensatory mitigation. The mitigation 
requirements for the low quality wetlands will be less than those mitigation requirements 
associated with moderate or high quality wetlands, and therefore, it is advantageous to 
confine the expanded facilities on these lands. If these low quality lands are not sufficient in 
area or if their location is not favorable, then the expansion of facilities should be limited to 
the moderate quality wetland habitat, if possible. 

High Quality Wetland Habitat 
Approximately 14 acres of the site south of the existing plant was considered to contain high 
quality wetland habitat. The patterned ground in this area (low irregular mounds, swales 
and basins) appears to be relatively undisturbed. This area is characterized by an extensive 
mosaic of pools and swales, including a number of generally large and deep pools. This area 
has a high potential for special status-species, including vernal pool fairy shrimp, Cook’s 
desert parsley and large flowered woolly meadowfoam, which is reported to occur on this 
part of the property. 

Medium Quality Wetland Habitat 
Medium quality habitat was identified in the northwestern corner of the property and 
included approximately 4 acres of the undeveloped area. The eastern side of this area is 
characterized by two swales and the western side contains vernal pools. This area supports 
fewer vernal pools and lacks the relatively large, deep pools and extensive mosaic of pattern 
ground topography that was observed in the high quality wetland habitat area to the south. 

Low Quality Wetland Habitat 
Approximately 10 acres of the undeveloped property were considered to be relatively low 
quality wetland habitat. This area appears to be the most disturbed part of the property, 
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with the least intact patterned ground topography. While some shallow pools and weakly 
expressed swales are present in this area, the majority are relatively shallow and appear to 
be subject to ephemeral, short duration inundation only and are largely characterized by 
high cover of non-native grasses. 

Wetland Permitting 
Wetlands and water resources are regulated by the U.S. Army Corps of Engineers under the 
federal Clean Water Act and by the Oregon Division of State Lands. Any project activities 
resulting in impacts to wetlands would require state and federal permits administered 
through these agencies. 

As part of the permit process, a wetland delineation would need to be submitted to the 
regulatory agencies for verification of the extent and acreage of federal and state 
jurisdictional wetland on the site. Once the delineation has been verified and wetland 
impacts have been determined, the permit application would need to be submitted to the 
regulatory agencies. Typically, once the delineation has been verified, it is valid and may be 
used to apply for a permit for up to five years. If no permit has been issued within five 
years, the agencies may request an updated delineation to document any changes in site 
conditions. 

In southwestern Oregon it is estimated that only 22 percent of the historic vernal pool 
habitat remains in the Agate Desert. Given the historic losses and high ecological value of 
vernal pools in this area, the U.S. Army Corps of Engineers will likely require that an 
alternatives analysis be conducted for any activities that would impact vernal pool habitat. 
Under federal law, the Corps can not issue a permit if an alternative exists that would result 
in less impact to wetlands or other sensitive resources. The following is an excerpt from a 
Corps of Engineers Memo to the Field regarding these guidelines: 

“The Guidelines specifically require that “no discharge of dredged or fill material 
shall be permitted if there is a practicable alternative to the proposed discharge 
which would have less adverse impact on the aquatic ecosystem, so long as the 
alternative does not have other significant adverse environmental consequences.” 
40 CFR 230.10(a). Based on this provision, the applicant is required in every case 
(irrespective of whether the discharge site is a special aquatic site or whether the 
activity associated with the discharge is water dependent) to evaluate opportunities 
for use of non- aquatic areas and other aquatic sites that would result in less adverse 
impact on the aquatic ecosystem. A permit cannot be issued, therefore, in 
circumstances where a less environmentally damaging practicable alternative for the 
proposed discharge exists (except as provided for under Section 404(b)(2)).” 

As defined by the Clean Water Act a “practicable” alternative is one that is available and 
capable of being done after taking into consideration cost, existing technology, and logistics in light of 
overall project purposes. 
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Wetland Mitigation 
The presence of wetlands and endangered species does not preclude development of the 
site, but the regulatory agencies will require MWC to identify the other alternatives that 
were considered and to explain why the other alternatives were not practical. 

If no practical alternatives exist and the project would result in impacts to wetlands, 
compensatory mitigation would be required. The purpose of wetland mitigation is to ensure 
no net loss of wetland acreage as well as no net loss of wetland functions as determined 
through a functional assessment which is done as part of the alternatives analysis and 
permitting process. Wetland mitigation typically requires “in-kind” compensation either on 
site or in close proximity to where the wetland impacts would occur. Impacts to vernal 
pools and swales in the Agate Desert would therefore require the creation, restoration, 
and/or enhancement to create vernal pool and swale habitat elsewhere on the Agate Desert 
to compensate for the impacted areas. Because wetland mitigation often requires time to 
reestablish the original wetland functions, the mitigation ratios are often 2:1 for impacts to 
jurisdictional wetlands. Therefore, if the project results in impacts to 0.75 acres of vernal 
pools, the agencies may require 1.5 acres of compensatory mitigation. 

Mitigation ratios and the exact type of compensation required are usually determined in 
consultation with the regulatory agencies. Specific ratios as well as the type of mitigation are 
often dependent on the area of impacts, the type and quality of the wetlands that would be 
affected, wetland functions, and the results of the alternatives analysis. In some cases, 
relatively minor impacts (0.1 to 0.5 acre) to low quality wetlands may be mitigated through 
an in-lieu fee payment to an organization actively involved in vernal pool preservation 
and/or restoration. Impacts greater than 0.5 acre or impacts to high quality wetlands will 
likely require direct compensation for wetland losses. 

Private companies may establish mitigation banks, if approved by the regulatory agencies, 
to sell wetland mitigation credits as a type of in-lieu payment for such situations. There are 
currently no vernal pool mitigation banks available for the Agate Desert. As per MWC staff, 
there is at least one wetland mitigation bank that may be approved in 2009. If no mitigation 
bank is formed, mitigation for MWC’s property would likely require either land acquisition 
or the set aside of a portion of the property as a permanent conservation area. If land was 
acquired, it would need to have suitable site conditions and sufficient area for the required 
acreage of vernal pool mitigation. MWC would also need to provide adequate funding to 
ensure long term monitoring, management, and reporting as required by the agencies. 

In summary, the following are the three most likely mitigation options available to MWC if 
the expanded facilities encroach into wetland areas: 

1. MWC purchases lands suitable for mitigation and hires an environmental company to 
construct, manage, and monitor the mitigation site. This would involve the cost of land 
acquisition, design and construction of the site, and some amount of annual cost for 
monitoring and maintenance of the site. 

2. MWC works with federal and state agencies to identify areas on the Agate Desert that 
are a conservation and restoration priority and provides money to these agencies to 
mitigate for lands that are used. 
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3. MWC purchases mitigation credits if a mitigation bank for the Agate Desert is 
successfully established. 

While assigning a dollar value for mitigation is difficult, vernal pool mitigation credits in 
conservation banks typically cost $300,000 per acre of wetland habitat. This unit cost has 
been included in the CIP developed in this Facility Plan. Although the permitting is not 
needed until Duff No. 2 is implemented, the mitigation cost has been included in the early 
years because MWC intends to move ahead with the permitting to confirm the availability 
of the land. The CIP cost does not include allowances for contingency, escalation, or 
consultant services. 

Special-Status Plant and Wildlife Species 
There is potential for special-status species to occur on the site. Of particular concern are 
two federal and state listed rare plants and a federally listed crustacean, all of which are 
known to occur in close proximity to the property.  

Cook’s Desert Parsley – State and Federally Listed Endangered Species 
James Kagan of the Oregon Natural Heritage Program first collected Cook’s desert parsley 
(Lomatium cookii) from the Agate Desert in 1981 and described it as a new species in 1986 
(Kagan 1986). Currently, this species is only known to occur in Jackson and Josephine 
Counties in southwestern Oregon. This species is found in vernal pools, on upland mounds 
and in the transition zones between these two habitat types. While this species has not been 
reported to occur on the property, a large population is present approximately 0.25 mile 
south of the site on the Nature Conservancy’s Agate Desert Preserve. 

Large Flowered Woolly Meadowfoam – State and Federally Listed 
Endangered Species 
The large flowered woolly meadowfoam (Limnanthes floccosa ssp. grandiflora) is only known 
to occur on the Agate Desert in southern Oregon. This species occurs on the margins of 
vernal pools in the transition zone between the pool basin and the upland areas. Large 
flowered woolly meadowfoam is widespread across the Agate Desert, but habitat loss has 
dramatically reduced it historic range. A small population of this species is reported to 
occur on the property south of the existing facility near Table Rock Road (Parametrix 1998). 

Vernal Pool Fairy Shrimp – Federally Listed Threatened Species 
The vernal pool fairy shrimp (Branchinecta lynchi) is a small crustacean found from southern 
Oregon to Riverside County, in Southern California. Vernal pool fairy shrimp have elongate 
bodies and 11 pairs of phylopodia (legs). Adults range in size from 0.5 to 1 inch long. Vernal 
pool fairy shrimp primarily feed on phytoplankton, bacteria, and small larvae of various 
species. Vernal pool fairy shrimp occur in a variety of seasonal wetland habitats, from small, 
clear, pools to large, turbid (muddy) vernal pools. They are most often found in small grass 
or mud-bottom vernal pools and swales in unplowed grasslands (Erickson and Belk, 1999). 
While surveys for this species have not been done on the site, suitable habitat is present and 
the species is known to occur on the Nature Conservancy’s Agate Desert Preserve 
approximately 0.25 mile south of the property. 
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Native Bunchgrasses and Natural Habitats 
The reconnaissance survey identified natural habitats, including stands of native perennial 
bunchgrass and riparian areas. There is no regulatory protection for native grasses so no 
mitigation will be required for impacts to these areas. They are noted because remnant 
stands of native bunchgrasses are quite uncommon in the area, but they do not require 
special permitting or mitigation at this time. 

Native bunchgrasses found on the Agate Desert include Lemmon’s needle grass 
(Achnatherum lemmonii), Idaho fescue (Festuca idahoensis), bluebunch wheatgrass 
(Pseudoroegneria spicata), squirreltail (Elymus elymoides), and California brome (Bromus 
carinatus). The majority of the upland habitat in the undeveloped areas of the property are 
characterized by non-native annual grasses including Medusa head (Taeniathum caput-
medusa), soft chess (Bromus hordeaceus), rattail fescue (Vulpia myuros), and bulbous bluegrass 
(Poa bulbosa). Yellow starthistle (Centaurea solstitialis) is also present in some areas, 
particularly along the berms surrounding the solids disposal basins and in the undeveloped 
area north of the existing facility. 

Remnant native bunch grasses, mostly Lemmon’s needle grass and squirrel tail, are present 
along the north fence line of the existing facility. This undeveloped area is largely 
dominated by medusahead and yellow starthistle, but the native grasses are common in an 
approximately 25–foot wide section immediately south of the fence, as illustrated in 
Exhibit 14-3. 

The drainage channel on west of the existing facility, towards the north side of the property 
contains patches of emergent wetland vegetation (Juncus sp. and Typha latifolia) within the 
channel as well as a narrow band of riparian vegetation consisting of scattered willow (Salix 
sp.), alder (Alnus sp.), and black cottonwood (Populus balsamifera) along the upper banks 
(Exhibit 14-3). 

Riparian habitat provides similar functions and values to wetlands including wildlife 
habitat and benefits to water quality. A permit from the Oregon Department of State Lands 
would be required if impacts were to occur to the riparian habitat on the property. If 
possible, impacts to riparian habitat should be avoided. 

The small parcel leading to the intake along the Rogue River is almost entirely developed 
consisting of a gravel road with a small landscaped/weedy area at the north end along the 
river. The landscaped/weedy area has scattered landscaped conifers transitioning into 
grassland and blackberry (Rubus discolor) along the riverbanks. Scattered native perennial 
bunchgrasses are also present in this area (Exhibit 14-4). 

Permitting and Mitigation Requirements for Special-Status 
Plant and Wildlife Species 
Any activities that would result in the removal or destruction of a state and federally listed 
plant species would require permits from the Oregon Department of Agriculture and the 
U.S. Fish and Wildlife Service. Any activities that would result in the capture, harm, or loss 
of vernal pool fairy shrimp would also require a permit from the U.S. Fish and Wildlife 
Service. 
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Surveys for Special-Status Plant and Wildlife Species 
To date, only limited surveys for rare plants have been conducted on the site. The May 2007 
botanical survey provided a site overview but did not follow established state and federal 
survey protocols that would be necessary to make it a foundational work. In addition, the 
report states that Cook’s desert parsley was not observed in the study area but Bradshaw’s 
lomatium (Lomatium bradshawii) was observed flowering in the area. The Bradshaw’s 
lomatium is a state and federally listed endangered species known to occur only in the 
Willamette Valley and southwestern Washington. An occurrence of this species in Jackson 
County would be highly significant as this would represent a notable range extension for 
the species. Bradshaw’s lomatium is very similar in appearance to Cook’s desert parsley and 
it is possible that the species was misidentified. 

Rare plant surveys should be conducted as part of the permitting process for the site once 
the concept and the timing for expansion have been determined. Botanical surveys should 
be conducted by a qualified botanist following established survey protocols and guidelines. 
Both Cook’s desert parsley and large flowered meadowfoam can be highly variable in 
flowering and population sizes depending on winter and spring rainfall conditions. 
Typically, these species are less common in years with below average rainfall and as a result 
these plants may be missed or underrepresented. 

To issue a take permit for vernal pool fairy shrimp (that is, to allow construction impacts to 
an area of their potential habitat), the U.S. Fish and Wildlife Service will need information 
on the presence or absence of this species in the project area. Such information is generally 
provided in one of two ways depending of the level of the survey effort. At a minimum, the 
amount of suitable habitat in the project would have to be quantified. Suitable habitat 
usually includes any vernal pool, swale, or seasonal wetland that remains inundated with 
surface water for at least 14 consecutive days during the winter and early spring months. In 
the absence of any additional surveys, the U.S. Fish and Wildlife Service would consider the 
species present in all areas of suitable habitat on the site and mitigation would be required 
for all impacted areas. Unlike wetlands, the Fish and Wildlife Service considers both direct 
and indirect affects to vernal pool fairy shrimp habitat. They may consider that any suitable 
habitat within 250 feet of the work area is indirectly affected and could require mitigation 
measures. 

The second option to assess the presence of vernal pool fairy shrimp is to conduct protocol 
level presence/absence surveys. Protocol surveys must be done by a permitted biologist 
that has been authorized by the Fish and Wildlife Service to conduct the surveys. Protocol 
surveys require two years of surveys which can include either one dry season and one wet 
season survey, or two wet season surveys. A dry season surveys involve collecting soils 
from all areas of suitable habitat. The soils are then examined for the presence of dormant 
fairy shrimp cysts. While a dry season survey requires only a single field visit, additional 
laboratory analysis time is necessary. Wet season surveys are initiated within two weeks of 
the pools filling with water and continue at two week intervals throughout the wet season 
until the water is gone or the species is found. If the species is found in an area, the entire 
vernal pool complex is considered suitable habitat and no additional surveys (wet or dry) 
need to be conducted in that complex. In general, if no vernal pool fairy shrimp are found 
during protocol surveys (conducted in normal rainfall years) the U.S. Fish and Wildlife 
service will consider the species absent from the project site. The service should be 
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consulted prior to conducting any surveys when rainfall is below average, or in areas where 
the wetlands are within critical habitat or are designated recovery areas for the species. 

Mitigation for Special-Status Plant and Wildlife Species 
Reasonable and prudent measures should be taken to avoid and minimize impact to listed 
plant and wildlife species in the project area. In areas where impacts to rare plants can not 
be avoided, mitigation may include seed collection, top soil salvage, and/or transplanting 
individuals to a mitigation site. Impacts to listed wildlife species will require compensatory 
mitigation for the loss of the species and habitat. Typically for the vernal pool fairy shrimp, 
the Fish and Wildlife Service requires mitigation at a ratio of 5:1 (including a 3:1 preserva-
tion component and a 2:1 creation component). Compensatory mitigation for listed species 
as required by the U.S. Fish and Wildlife Service will usually also satisfy wetland mitigation 
required by the U.S. Army Corps of Engineers and the Division of State Lands. Mitigation 
options would be the same as described previously under the discussion of wetland 
resources. 

Intake Permitting 
MWC’s plans for ultimate expansion include an expanded intake withdrawal system on the 
Rogue River. The in-river component of this project will require a U.S. Army Corps of 
Engineers/ Division of State Lands Joint 404 permit. The Corps will ask for consultation 
from the National Ocean and Atmospheric Administration (NOAA) Fisheries Agency 
because of the presence of threatened and endangered fish species. This 404 permit 
application can be combined with the 404 permit application for construction within the 
wetland areas of the site. In addition to providing concept drawings for the intake and plant 
facilities, this portion of the 404 permit application will require a biological assessment to 
satisfy NOAA Fisheries. 

Permitting and Schedule Summary 
Exhibit 14-4 provides a summary of the permits that will be needed for expansion of the 
Duff WTP facilities, including the Rogue River intake. The timelines that are presented are 
approximate based on recent experiences on similar projects. The actual timelines may vary 
depending on site findings during more detailed site surveys, changes in state and federal 
environmental requirements, and other variable factors. 
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EXHIBIT 14-1 
General Wetland Locations 
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EXHIBIT 14-2 
Wetland Habitat Quality Map 
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EXHIBIT 14-3 
Bunchgrass and Riparian Habitat 
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EXHIBIT 14-4 
Summary of Permits 

Agency Permit Description Permit Timelines 

U.S. Army Corps 
of Engineers and 
Oregon Division of 
State Lands 

Wetland 
Verification 

Wetland Delineation and Report 
(Delineations are typically valid for up 
to 5 years once they have been 
verified) 

Once the Agencies receive the 
complete wetland delineation, 
the verification process can 
take between 3 and 6 months. 
A verified delineation is 
required as part of the permit 
application, but they may be 
submitted at the same time. 

U.S. Army Corps 
of Engineers 

404 Permit Permit application including a 
discussion of impacts to wetlands as 
well as alternatives considered. A 404 
permit will also be required for the in-
river work to expand the intake facility. 

Permits generally take from 
6 to 18 months, often 
depending on consultation with 
the U.S. Fish and Wildlife 
Service and the State Historic 
Preservation Office 

NOAA Fisheries Biological 
Assessment 

Needed to accompany the 404 permit 
application as it relates to the Rogue 
River intake portion of the permit 

The NOAA Fisheries review of 
the application and the 
biological assessment may add 
4 to 6 months to the 404 permit 
application review 

Oregon Division of 
State Lands 

Wetland Fill 
Permit 

Permit application including a 
discussion of impacts to wetlands as 
well as alternatives considered. 

Typically the permit application 
and review process takes 6 to 
12 months once a complete 
application is received 

Oregon 
Department of 
Agriculture 

Endangered 
Plant Permit 

Botanical survey of the site following 
established protocols. Surveys must be 
conducted when the species are most 
likely to be observed and properly 
identified (e.g. early spring). Plant 
surveys are typically valid for 3 to 
5 years. 

Typically 2 to 3 months after 
receipt of the botanical survey 
report and permit application 

U.S. Fish and 
Wildlife Service 

Biological 
Opinion for 
Rare Plants 

Botanical survey of the site following 
established protocols. Surveys must be 
conducted when the species are most 
likely to be observed and properly 
identified (e.g. early spring). Plant 
surveys are typically valid for 3 to 
5 years. Results of the surveys are to 
be included in the biological 
assessment report submitted to the 
Fish and Wildlife Service. 

Once the Service receives the 
biological assessment, they will 
issue a biological opinion and 
incidental take permit, usually 
within 6 to 18 months 

U.S. Fish and 
Wildlife Service 

Biological 
Opinion for 
Vernal Pool 
Fairy Shrimp 

Requires at a minimum an assessment 
and mapping of suitable habitat. 
Protocol presence/absence surveys 
require at least one summer survey 
and one fall through spring survey, or 
two fall through spring surveys to 
complete. 

Once the Service receives the 
biological assessment, they will 
issue a biological opinion and 
incidental take permit, usually 
within 6 to 18 months 
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SECTION 15 

Raw Water Supply Planning for Duff No. 2  

Background 
Duff No. 1 is provided water from a single intake on the Rogue River. It was designed to 
allow withdrawals of up to 100 cfs (65 mgd) to match MWC’s water rights. MWC was in the 
process of replacing the original traveling screens by tee screens mounted on the river face 
of the intake tower to comply with fisheries requirements during the preparation of this 
Facility Plan. The modifications will allow for a continuous withdrawal of 60 mgd and 
short-term (4-24 hour) withdrawals of 65 mgd. 

MWC indicated that they will evaluate the existing raw water pumps and, if necessary, 
select and purchase replacement pumps as appropriate for the intake modifications. 

As part of the facility planning, MWC’s goal was to develop a conceptual plan for 
expanding the total withdrawal capacity on the Rogue River to a minimum of 125 mgd, 
with an assumed capacity of 65 mgd for the existing facility and a capacity of at least 
60 mgd for a second intake. The second intake should be located on the same property as 
the existing intake unless this is not feasible. Additionally, MWC’s goal is to obtain a greater 
capacity, 70-90 mgd, from the new intake if possible to provide redundancy between the 
two intake facilities. 

For clarity, the existing intake will be called Intake No. 1 and the new intake will be called 
Intake No. 2. 

The conceptual plan included in this report considered expansion needs for the raw water 
pumping and pipeline(s) as appropriate for Intake No. 2. 

MWC was provided with an evaluation of Intake No. 1 and concepts for Intake No. 2 in the 
“Rogue River Intake Fish Screen Assessment” report (by HDR, August 2006). Much of the 
conceptual planning presented in this section for Intake No. 2 is based on the August 2006 
report, which was considered by CH2M HILL as a thorough analysis with appropriate 
conclusions. The following figures from the 2006 report have been reproduced with slight 
modifications to reflect current facilities: 

• Exhibit 15-1 shows the existing site plan (Figure 3 in the 2006 repot) 
• Exhibit 15-2 shows tee screen improvements (modified from Figure 14 in the 2006 report)  
• Exhibit 15-3 is a plan view of shoreline screens (modified from Figure 12 in the 2006 report) 
• Exhibit 15-4 is a section view of a shoreline slant screen (Figure 11 in the 2006 report)  

At the time when this Facility Plan was being prepared, MWC was designing the tee-screens 
as shown in Exhibit 15-2. The concepts for meeting the buildout capacity of 120 mgd are 
illustrated in Exhibits 15-3 and 15-4. 
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Description of Intake Property and Intake No. 1 
MWC’s Rogue River intake facilities are located on a parcel that is approximately 3 acres in 
size, at river mile 131.3, just downstream of the bridge at Table Rock Road. The property is 
approximately 150 feet long in the direction parallel to the river. The treatment plant is 
located 850 feet south of the intake. 

The Intake No. 1, shown in Exhibit 15-1, the raw water pump station, and 30-inch raw water 
pipeline were constructed in 1968. The 36-inch raw water pipeline was added in 1982. 

There are currently five raw water pumps. Pumps No. 1, 2, and 5 are equipped with 200 hp 
motors and have an approximate capacity of 7.5 mgd, each. Pumps No. 3 and 4 are 
equipped with 500 hp motors and have an approximate capacity of 22.5 mgd, each. The total 
existing capacity with all pumps operating is approximately 62 mgd. 

River Data 
The August 2006 report provided a comprehensive description of the existing hydrology, 
hydraulics, and geomorphology of the Rogue River at the intake site. All of these factors 
need to be confirmed and monitored by MWC over time to provide the needed data for 
design of the new intake. In addition, long-term maintenance and monitoring of the river 
control devices (the rock weir under the bridge and the river ‘training’ on the island) located 
upstream of the intake are necessary for the design of Intake No. 2.  

As illustrated in Exhibits 15-2 and 15-3 there is a 1,170 feet “constructed” contour line 
drawn over the base contours. This contour crosses a 1,175 feet contour. The contours may 
further change following implementation of the tee screen additions to Intake No. 1. 
Although there is some uncertainty of the long-term contours, Intake No. 2 probably will 
not have the full benefit of the hole in front of the existing tower. 

The 70 mgd concept for Intake No. 2, as shown in Exhibits 15-3 and 15-4, was based on a 
screen invert elevation of 1,172.25 feet. This is 3.25 feet higher than the proposed invert of 
the tee screens. This reflects the understanding that the river bottom elevation gradually 
rises moving downstream of Intake No. 1. The actual dimensions of the hole and the long 
term predictable bathymetry are of critical importance for the new intake. Development of 
bathymetry maps, especially after the new tee screens are installed, will be important. If four 
screen bays are used, as shown in Exhibit 15-3, it may be possible to set the upstream bay 
deeper than 1,172.25 feet and make each successive bay moving downstream shallower. 
This approach could optimize the capacity of Intake No. 2 by maximizing the depth of each 
individual screen section. 

Intake No. 2 is shown to be directly abutting the downstream side of Intake No. 1 in 
Exhibit 15-3. This may present some construction issues, particularly with the installation of 
sheet piling for dewatering. However, even with moving Intake No. 2 a few feet 
downstream, MWC’s existing property appears to be sufficient to obtain a 70 mgd capacity 
from Intake No. 2. Obtaining greater than 70 mgd does not appear to be feasible. 

Refining and further confirming the low water level elevation assumptions that provided 
the basis for Exhibit 15-3 will be important. The design low water level defined by the 
August 2006 report was at an elevation of 1,176 feet at the intake based on an assumed low 
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flow between 800 and 900 cfs. This assumption is valid at the level of study in the report, but 
warrants review and confirmation for designing Intake No. 2. As MWC’s withdrawals 
approach 120 mgd (185 cfs), the amount withdrawn compared to the remaining flow in the 
river becomes more significant and may change river characteristics. 

In summary, the following measures are recommended:  

• Obtain comprehensive river bottom (bathymetry) and river bank survey data at the 
completion of the tee screen project and following one or two years of operation. 

• Conduct a similar comprehensive survey prior to the design of the new intake.  

• Compare historical data with more current to provide valuable information for the 
design.  

• Maintain and monitor the status of the upstream control  

• Validate the 1,776 feet design low water level. 

Design Considerations 
The recommended concept for Intake No. 2 is a shoreline slant screen similar to the screens 
depicted in Exhibits 15-3 and 15-4. This configuration will provide a withdrawal capacity of 
approximately 70 mgd. Actual withdrawal capacity will depend on river bottom elevations. 
In addition to collecting further river flow and contour information, it is recommended that 
MWC review the design considerations presented in the following subsections when the 
project enters the design phase. Because of changing regulations and standards, fully 
addressing design conditions such as industry standards and agency requirements is not 
possible until closer to project implementation. 

Fish Screens 
Screen coatings or special alloys that guard against fouling by zebra or quagga mussels 
should be considered for the screens. The additional cost for these features compared to a 
standard facility is relatively small. MWC may wish to make other accommodations to 
control clogging by mussels if the Rogue River system is invaded by mussels. 

The proposed flat panel screens in the August 2006 report present several opportunities to 
increase the capacity. The reported 3.9 feet of screen height is based on the 2.75 feet of water 
depth at the chosen invert and top elevation, combined with the 1 to 1 vertical to horizontal 
(1V:1H) slope. With more detailed bathymetry and active sediment sluicing systems the 
invert could possibly be lower, especially for the upstream bays. In addition, a 1V:1.5H 
slope is recommended to better match the slope of the adjacent rip rap and potentially 
provide 40 percent more area. The fisheries agencies do not necessarily allow credit for more 
than a 1V:1H slope but with adequate modeling and negotiations, they may provide added 
capacity credit. The additional area will make balancing the flow through the fish screens 
easier even if MWC cannot convince the agencies of the effective area gained by a 1V:1.5H 
slope. Finally, by raising the screen surface above the 1,176 feet design water surface, an 
additional 27 percent screen area can be obtained. 
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The final design will also need to carefully consider the position of the screens. The position 
shown in Exhibits 15-3 and 15-4 appears to be appropriate, although consideration could be 
given to locating the screens farther out into the river channel. The reason for this is to have 
the screen structure more aligned with the deepest hole in the river bed and to potentially 
line up with the future retrofit of the tee screens once the modifications to Intake No. 1 are 
operational. 

The plan is for a single air back-flush building to serve both Intake No. 1 and 2. This will be 
constructed as part of MWC’s current upgrade project for Intake No. 1. 

Pump Station 
Consideration should be given to raising the height of the access deck above the screens, 
which is currently shown at about elevation 1,177 feet. Access for a mobile crane could be 
provided if the access deck was raised to an elevation of approximately 1,185 feet. 
Alternatively, the access deck could be raised to elevation 1,201 feet. This approach may 
reduce the cost because the deep suction lines and the separate top of bank wet well would 
not be needed. The disadvantage is that it results in floodway impacts. However, since it 
would be in the ‘flood shadow’ of the existing intake, the floodway impacts of this design 
may be insignificant. 

Slanted pump cans also should be investigated as a potential cost saving measure. These are 
commonly used on large rivers in California and have been shown to provide significant 
savings by reducing the wet well structure. 

With the potential for a ‘stepped approach’ for the screen bays (deepest setting for the bay 
that is farthest upstream followed by progressively shallower depths) each intake bay may 
provide a different yield. This may warrant a design in which each screen bay is dedicated 
to one pump, with the pumps varying in capacity. 

Raw Water Transmission 
There are two existing raw water transmission lines. One pipeline is a 30-inch-diameter steel 
pipeline and the other is a 36-inch ductile iron pipeline. The average velocity in these 
pipelines at the buildout capacity of 60 mgd for Intake No. 1 will be 7.8 feet per second (fps). 
The average velocity will be 8.4 fps for the short-term rate of 65 mgd. These flow rates are in 
an appropriate range for transmission piping. 

An additional transmission pipeline will be needed to provide capacity to match Intake 
No. 2. The proposed process for Duff No. 2 is rapid mix, flocculation, plate sedimentation, 
ozone contactors, and membrane filtration. The flocculation basin can be designed to have a 
similar water surface elevation as the Duff No. 1 raw water ozone contactors, allowing 
either set of raw water pumps to supply either facility. 

The size for the new raw water pipeline should be evaluated further at the time of design. 
Consideration should be given to pipeline material costs, pump selection, energy cost, and 
the final plant design. For Facility Planning, a diameter of 54 inches is recommended for this 
pipeline. This diameter results in a velocity of 5.8 fps for a flow of 60 mgd and a velocity of 
6.8 fps for a 70 mgd flow. The pipeline length will be approximately 800 feet from Intake 
No. 2 to Duff No. 2. The material could be ductile iron, high density polyethylene, or 
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welded steel. There currently is not an appreciable difference in cost for these three 
materials. 

The routing for this third raw water pipeline needs to be evaluated during a preliminary 
design. The two existing pipelines, control cables, and the electrical conduit to the west of 
these lines use most of the available access road alignment. Reliable as-built drawings that 
show the exact locations of these facilities and other possible obstacles were not available at 
the time of the Facility Planning. Without these as-built drawings, it is not possible to 
determine if a 54-inch diameter pipeline could be added within the existing access road 
boundary. It may be necessary to purchase right of way from the neighboring property 
owner so that the new pipe could be located further to the west. An allowance was added to 
the construction estimate to account for this uncertainty. 

Construction Cost 
Several design options need to be considered as the design of the new intake moves 
forward. The new information gained from the project to retrofit tee screens to the existing 
intake will generate more detailed understanding of the river conditions. Actual operations 
records from the new tee screens will also provide valuable insight for the design of the new 
intake. 

Although some of the design options may provide cost savings, the unknowns with respect 
to river conditions, regulatory requirements, and the final design suggest that the planning 
level costs should not be adjusted downward from those presented in the August 2006 
study report. The intake cost estimate provided in this Facility Plan is based on an update of 
the 70 mgd shoreline screen cost as shown in Table 9 of the August 2006 report. 

The total construction estimate, updated to April 2008, for the 70 mgd shoreline intake is 
$3,600,000. This cost includes the installation of three initial pumps with a capacity of 
approximately 43 mgd. The intake system will accommodate the addition of two more 
pumps. 

The construction estimate for the 54 inch raw water pipeline is $600,000. This includes an 
allowance for purchase of a right of way easement to the west of the existing pipelines. 

Both of these cost estimates are for construction only and do not include contingency, 
escalation to the planned date of construction, or engineering. Appropriate allowances for 
each of these categories should be added. 
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EXHIBIT 15-1 
Site Plan of Existing Rogue River Intake Facilities 
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EXHIBIT 15-2 
System 2 Site Plan 
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EXHIBIT 15-3 
System 1 Site Plan 
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EXHIBIT 15-4 
Shoreline Screen with New Pump Station 
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SECTION 16 

Duff No. 2 Process Selection 

MWC and CH2M HILL employed the same workshop format for evaluating Duff No. 2 
alternatives as was used in discussions of Duff No. 1. A wide range of alternatives were 
considered. The project team scored each alternative using the criteria and their weighting 
as developed for the Duff No. 1 alternatives. The goal was to select a cost-effective treatment 
process that would meet MWC’s objectives for the Rogue River supply. 

The following boundary conditions were established for the Duff No. 2 plant based on the 
decisions for Duff No. 1: 

1. Duff No. 2 shall have a buildout capacity of 60 mgd 

2. Duff No. 2 shall provide ozonation for taste and odor control and for removal of 
organics, such as cyanotoxins, that may be in the source water 

3. Duff No. 2 shall operate as a year-round facility so its design shall be appropriate for the 
higher wintertime solids and TOC levels of the Rogue River 

4. Duff No. 2 shall be a parallel facility to Duff No. 1 but the two plants shall share facilities 
where appropriate and beneficial 

5. There may be benefits to using two different core treatment processes at the two plants 
to provide redundancy—the processes selected for Duff No. 2 should not be limited by 
those in use at Duff No. 1  

6. If possible, the development of Duff No. 2 should avoid the high quality habitat area of 
MWC’s property, which is generally located to the south of Duff No. 1 

7. Treatment technologies will continue to advance in the interim before Duff No. 2 is 
constructed. This Facility Plan will be revisited prior to design of new facilities. The 
process selection in this plan provides a baseline to estimate property requirements and 
costs but it may be modified to take advantage of technology developments. 

Filtration Technologies 
To meet the general criteria established for Duff No. 2, process alternatives including 
membrane filtration, biologically active carbon filtration, or a combination of both 
technologies were considered. A brief discussion of each filtration technology follows.  

BAC Filtration 
Biologically active carbon filters have become an established treatment option to cost-
effectively treat for disinfection byproducts, improve taste and odor, and remove 
assimilable organic carbon (AOC) thereby producing biologically stable water that 
decreases bacterial growth in the distribution system. In addition to these treatment goals, 
biofilters can effectively remove particles and reduce turbidity. Ozonation prior to filtration 
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breaks down naturally occurring organics into smaller units (AOC) that serve as ‘food’ for 
bacteria growing in biofilms on the filter media. The activated carbon media adsorbs 
organics directly, as well as serving as the support for biofilm growth. BAC filters are 
typically designed at filtration rates of 2–8 gpm/sq ft with empty bed contact times of 
5 minutes.  

Because ozone will be employed for taste, odor, and cyanotoxin control at both Duff 
facilities, AOC may be an important consideration. MWC’s ozone study in 2000 indicated 
that AOC was a possible concern and that BAC filtration was desirable. MWC has not 
experienced problems with bacterial growth in the distribution system, to date. 

Membrane Filtration 
Membrane filtration increasingly is being used in placed of media filtration because it offers 
several advantages. It provides an additional barrier to pathogens as evidenced in the Long-
Term 2 ESWTR, which grants additional Cryptosporidium removal credit to membranes. 
Membranes produce consistently high-quality water even during times of rapidly changing 
raw water quality. The quality of water produced by membrane filtration plants is not 
impacted by production rate changes or plant starts/stops, whereas these are detrimental to 
media filtration plants. 

Two potential drawbacks to membranes are the higher energy costs associated with 
providing the pressure to pass water through the membrane pores and the proprietary 
nature of the existing membrane systems, which may result in higher costs for membrane 
replacements. Many of the membranes now in use have not been used long enough to 
confirm their expected useful life over a range of operating conditions. Therefore, long-term 
costs for membranes are subject to this uncertainty. More will be learned in the coming 
years about the reliable useful life of membranes and the potential for after-market supply 
of replacement membranes by third-party suppliers. 

According to recent estimates, the worldwide membrane market is predicted to grow from 
$7.6 billion in 2006 to over $10 billion in 2010. Approximately 50 percent of this market is for 
low-pressure membranes and 50 percent for reverse osmosis. This large market provides 
assurance that membranes will remain a viable and well-supported technology into the 
future. 

Process Alternatives 
CH2M HILL identified four process alternatives for MWC’s consideration: 

1. Pre-ozonation, rapid mix, flocculation (5-minutes), membrane filtration 

2. Rapid mix, flocculation (20-minutes), sedimentation using plate settlers, ozonation, 
membrane filtration 

3. Pre-ozonation, biologically activated carbon media filters (BAC filtration), flocculation, 
membrane filtration 

4. Rapid mix, flocculation (20-minutes), sedimentation using plate settlers, ozonation, deep 
bed biologically activated carbon filters 
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Each alternative requires expansion of the current intake, raw water pumping, and raw 
water transmission pipelines (as discussed in Section 15 Raw Water Supply Planning), new 
chemical systems (ozone, chlorine, coagulant, and carbon dioxide), new clearwell storage, 
and new high service pumping. The chlorine system that was selected was on-site 
hypochlorite generation because it will likely be the most cost effective solution from among 
the chlorine disinfection alternatives.  

The four alternatives were evaluated jointly by MWC and CH2M HILL in Workshop No. 4. 
The evaluation followed the same approach as was used for evaluating the expansion of 
Duff No. 1. Criteria, beginning with those used for Duff No. 1 but slightly expanded, were 
selected and ranked, and each alternative was scored using the criteria. This exercise 
provided a basis for considering each alternative in more detail and for generating 
discussion. The final criteria, their ranking, and the scoring for the four treatment 
alternatives are provided in Exhibit 16-1.  

Recommendations 
Alternative 2, which uses pretreatment by flocculation and plate sedimentation, ozonation, 
and membrane filtration, scored the highest of the four alternatives. Exhibit 16-2 shows a 
possible layout for this alternative. The use of membranes provides a robust system that will 
reliably produce high quality water even as the raw water quality fluctuates. Membranes 
also provide an advantage by allowing for rapid starting and stopping or rate adjustments 
without an impact to the quality of the finished water. 

Alternative 2 does not provide biologically activate carbon filtration to reduce 
concentrations of AOC. Therefore, maintaining high quality water in the distribution system 
where AOC could contribute to biological regrowth is a concern that warrants further 
examination prior to implementing this treatment process. 

The process selection for Duff No. 2 was further discussed in Workshop 5. A cost-saving 
refinement to the process that uses the pretreatment facilities of Duff No. 1 for wintertime 
treatment in Duff No. 2 was discussed and it was agreed that it may be a reasonable 
modification. It would delay or possibly eliminate the need to install the rapid mix, 
flocculation, and sedimentation process steps in Duff No. 2, as follows: 

• Summertime production. Both Duff No. 1 and 2 will be used. The process flow for Duff 
No. 1 will be as currently practiced. The process for Duff No. 2 will consist of pre-
ozonation followed by in-line coagulation and membrane filtration. 

• Wintertime production. Duff No. 1 pretreated water will be applied to Duff No. 2’s 
membrane filters. Water will be pumped from the intake to the ozonation contactors of 
Duff No. 1, and will pass through these basins, the rapid mixer, and the flocculation/ 
sedimentation basins of Duff No. 1 before being piped to the membrane facility of Duff 
No. 2. 

This modification makes maximum use of the existing facilities while meeting expansion 
needs. It is illustrated in site plan and process schematic exhibits that are included in the 
Technical Supplement to this report. The costs presented in the Duff No. 2 CIP include 
pretreatment facilities in Duff No. 2 and do not account for this possible cost-saving 
approach. 
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Membrane Filtration Design Considerations 
Essentially all large-scale potable municipal plants use hollow-fiber membranes. There are 
two basic configurations, encased (pressure) or immersed (vacuum). The driving force for 
encased membranes is provided by positive pressure on the feed side. The immersed system 
is driven by negative pressure on the filtrate side. 

An important aspect to evaluate during design is the flux rate. Membrane flux is equivalent 
to the filtration rate for a media filter. The proposed process selection for Duff No. 2 consists 
of ozonation, coagulation, wintertime flocculation and sedimentation, and membrane 
filtration. Pretreatment using flocculation and sedimentation may allow higher membrane 
flux which reduces the required membrane area and related capital cost for a given 
production goal. An instantaneous flux rate of 65 gpd/square feet of membrane area was 
assumed for estimating the space requirements and costs in this plan. Recent membrane 
designs have tended toward including pretreatment processes because the combination of 
pretreatment and membranes can result in a lower life-cycle cost. Because the raw water is 
such high quality (low turbidity) during the summertime, MWC feels comfortable 
providing less pretreatment during the summer. Optimization of pretreatment and 
membrane filtration process components will be an important aspect of the final design. 

In deciding on the design flux rate, consideration should be given to the impact of the flux 
on the following values: 

• Water recovery (ranging from 90 to 97 percent) 
• Backwashing interval (ranging from 20 to 40 minutes) 
• Chemical enhanced backwashing interval (ranging from 24 to 48 hours) 
• Clean in place (chemical soak) interval (ranging from 30-60 days) 

Bench-scale or pilot-scale testing is recommended to evaluate these variables with more 
certainty. Even with such testing, fully defining all conditions is not possible. It is generally 
recommended that the design use conservative flux values but that piping is oversized to 
allow for hydraulic overload. Then, if the facility can produce more water than anticipated, 
future expansions can cost less or be deferred. 

Clearwell and High Service Pumping 
Above-ground finished water reservoirs (clearwells) are proposed to take advantage of the 
head developed through a membrane system. As shown on Exhibit 16-2, two 5-mgd 
clearwell tanks will be provided, with the first being constructed in Phase 1. Thirty to forty 
foot tall above-ground tanks are less expensive to construct as compared to the relatively 
shallow, buried reservoirs used for Duff No. 1. Horizontal centrifugal pumps can be used to 
feed the distribution system. 
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EXHIBIT 16-1 
Medford Duff #2 WTP Evaluation of Expansion from 65 to 120 mgd 

  Scoring of alternatives: 5 = very favorable; 4 = favorable; 3 = neutral; 2 = undesirable; 1 = very undesirable   

 Weight 26 20 22 21 26 26 24 20 7   

Alternative 

Water 
Quality-

Meet 
MWC's 
Goals 

Flexibility 
(Adaptable,
Expandable)

to Meet  
Future 
Needs 

Maintenance- 
Minimize  

Requirements
 & Cost; 
Readily 

Available 
Parts 

Proven 
Technology- 

Has Track  
Record In US 

Reliability- 
Minimal  

Downtime;  
Treats 

Varying  
Raw Water 

Operability-
Staff Skill & 

Levels, 
Safety, 

Start/Stop 

Winter 
Pro- 

duction 
(Start / 
Stop) 

Wetlands 
Impact 

Sustain-
ability 

Line 
Total

= 
weight 

x 
score Rank 

1 Pre-ozonation, flocculation 
(5-min), membrane 
filtration 

4 3 4 3.5 3.5 4.5 4.5 5 4 770 2 

2 Flocculation, sedimentation 
using plates, ozonation, 
membrane filtration 

4.5 4.5 4 4 5 4 4 4 3.5 814 1 

3 Ozonation, biologically 
activated carbon media 
filters, flocculation (2-min), 
membrane filtration 

5 5 3.5 2 3 3.5 4 5 3.75 740 4 

4 Flocculation, sedimentation 
using plates, ozonation, 
deep bed biologically 
activated carbon filters 

4.5 4.5 4.5 5 4 3.5 3 3 4 766 3 
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EXHIBIT 16-2 
Phase 1 of Duff No. 2 WTP 
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SECTION 17  

Duff No. 1 and Duff No. 2 Integration and 
Operational Considerations 

Interoperability 
This Facility Plan describes expansion plans for Duff No. 1 to a summertime capacity of 
65 mgd, followed by the addition of Duff No. 2. Duff No. 2 will be installed in three 20 mgd 
phases. This second plant will be needed when summertime demands exceed the combined 
capacity of Big Butte Springs (26.4 mgd) and the sustainable maximum production rate from 
Duff No. 1 of 60 mgd, or a total of 86.4 mgd. 

Prior to the addition of Duff No. 2, there will be an interval of time when Duff No. 1 
operates year-round. This will occur when wintertime demands exceed the 26.4 mgd 
capacity of Big Butte Springs but summertime demands have not yet reached 86.4 mgd. 
According to the demand projections presented in Section 4 of this report, wintertime 
operation of Duff No. 1 may need to begin between 2010 and 2012. The actual date of 
wintertime operation will depend on demand growth. 

Exhibits 17-1 through 17-4 show projected maximum day demands per month and MWC’s 
supply sources to meet demand for years 2020, 2030, 2040, and 2056. The chart for 2020 
illustrates the operation of BBS and Duff No. 1 just prior to bringing Duff No. 2 on line. It is 
expected that Duff No. 1 will be operating year-round by this date. 

The other three years illustrate the anticipated contribution from each source at 
representative years. Year 2030 follows completion of the first 20 mgd phase of Duff No. 2. 
Year 2040 follows completion of the second 20 mgd phase. The last year, 2056, is when 
buildout demands have been projected for MWC. During each of these years, Duff No. 2 
operates year-round and Duff No. 1 reverts to a summer peaking plant. BBS continues to 
provide the base supply. 

Because of the distance between the two plants, pipe congestion, and the chemical systems 
of Duff No. 1 have been designed for a 60-mgd plant capacity, Duff No. 2 cannot practically 
share chemical systems with Duff No. 1. Each plant must be able to independently supply 
its summer demand requirements. However, as discussed in Section 16 Duff No. 2 Process 
Selection, MWC may decide to use the pre-treatment capacity of Duff No. 1 to treat 
wintertime flows before the membrane filtration process at Duff No. 2. As shown on 
Exhibit 17-4, the maximum winter flow (March-November) within the planning period 
approaches 30 mgd. When expanded, Duff No. 1 pretreatment facilities may be able to 
provide pretreatment for this flow rate. During summer operation, when less pretreatment 
is required, ozonated and coagulated water would be applied directly to the membranes.  

In addition to the summer and winter flow schemes, provision could be made to take 
advantage of Duff No. 2’s chlorine generation equipment to fill the hypochlorite tanks at 
Duff No. 1 during the winter season.  
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The clearwell constructed in conjunction with Duff No. 2 should be interconnected with the 
existing reservoirs to take advantage of this additional storage. This will allow the full 
volume of plant storage to be usable even during times when one plant or the other is shut 
down.  

Weatherization 
Because Duff No. 1 is expected to return to a peaking plant after Duff No. 2 is commis-
sioned, MWC’s current procedure for taking the plant off-line and weatherizing it in the fall 
and re-commissioning it in the spring can be continued. Alternatively, if MWC decides to 
use the Duff No. 1 pretreatment facilities year-round, only the media filters will require 
weatherization. This will keep the pretreatment basins, reservoir, and high service pumps 
active year-round. 

Once constructed, Duff No. 2 is expected to operate year-round. Rather than taking 
membranes off-line during periods of low demand, reducing membrane flux and keeping 
all membrane trains operational is recommended. Depending on the configuration and 
limits of the pumps pushing or pulling water through the membranes, some of the 
membrane units may have to go into standby mode for a few hours at night. Controls 
would be programmed to rotate membrane train service to insure that the overall 
production through each membrane train is balanced. This operation is comparable to 
balancing service between units in a bank of pumps or compressors. 

If a membrane train must be off line for more than one to two weeks, the modules must be 
disinfected periodically, or immersed in a preservative to prevent the growth of biofilms. 
Typically, cleaning or preservation is performed in place, with the cleaning or preservation 
solution circulated through the modules in the same manner as during normal operation 
except at a lower pressure to minimize permeate production. The choice of cleaning and 
preservation solutions is system-specific, and depends on raw water characteristics and the 
type of membranes.  

Staffing 
Integration of controls between Duff No. 1 and Duff No. 2 is anticipated. All control 
operations can be located in the Duff No. 1 control room, and little change in staffing is 
anticipated. A membrane facility requires less knowledge of chemical coagulation but 
requires a greater degree of operation and maintenance related to the automated systems 
that are part of the membrane equipment. Training of existing staff and/or the addition of 
new staff to increase instrumentation, controls, and mechanical skills for maintenance of the 
membrane system is recommended. A new administration building is shown for Duff No. 2 
but this may not be necessary. It may be possible to take modify the operations building of 
Duff No. 1 to provide sufficient administration facilities. 

Washwater Handling Facilities 
New solids handling facilities will be needed for Duff No. 2. The conceptual layouts 
presented in Section 16 of this report have been developed assuming that MWC continues to 
use a washwater lagoon system. This is based on the recommendations presented in the 
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report titled Washwater Lagoon and Sludge Disposal Upgrade (March 2006) prepared for MWC 
by Carollo Engineers. This report recommended that two lagoons, sized at 60 feet x 240 feet 
x 4 feet deep, be constructed to separate liquid and solids. The lagoon decant will continue 
to be discharged to the Rogue River. The solids will be stored in the lagoons and removed 
once per year for ultimate disposal in the regional landfill. The report recommended that 
two lagoons be constructed initially, with a third and fourth to be added in the future for 
Duff No. 1. The existing two backwash waste ponds were to be left in service though down-
rated with respect to their capacity. 

The washwater lagoon area for Duff No. 1 has been doubled to meet the needs of the Duff 
No. 2 plant. This doubling accounts for the sustained production capacity increasing from 
60 to 120 mgd. Duff No. 2 will operate year-round with the resulting higher solids loading 
and removal of the winter months. However, production rates during the wintertime will be 
much lower than during the summer. In balance, considering the washwater handling 
calculations in the 2006 report, it appears that a doubling of the washwater lagoon area 
should provide sufficient facilities for Duff No. 1 and 2. In addition, the larger number of 
lagoons provides MWC with more flexibility in taking lagoons out of service for dewatering 
and solids removal. The cold temperatures experienced in the Rogue Valley will facilitate 
drying of solids stored in the lagoons. 

In general, the Duff No. 2 washwater facilities should be designed to provide maximum 
flexibility so that waste flows from either plant can be directed to any of the lagoons. 
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EXHIBIT 17-1 
MWC Projected Monthly Demand and Sources of Supply, 2020 

 

EXHIBIT 17-2 
MWC Projected Monthly Demand and Sources of Supply, 2026 

 



17. DUFF NO. 1 AND DUFF NO. 2 INTEGRATION AND OPERATIONAL CONSIDERATIONS 

CVO\O82200002 17-5 

EXHIBIT 17-3 
MWC Projected Monthly Demand and Sources of Supply, 2040 

 

EXHIBIT 17-4 
MWC Projected Monthly Demand and Sources of Supply, 2056 
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SECTION 18  

Duff No. 2 Recommendations and Costs 

According to the projections presented in this report, the summer water demands of the 
communities served by MWC will exceed the combined capacity of the Big Butte Springs 
and the Duff No. 1 WTP in 2021. Big Butte Springs generally supplies 26.4 mgd, limited only 
in severe droughts. The Duff No. 1 WTP will have a sustainable summer capacity of 60 mgd 
once it has been expanded. Therefore, the Duff No. 2 plant will be needed when summer 
demands exceed 86.4 mgd. 

The buildout capacity for Duff No. 2 has been planned for 60 mgd. It is to be implemented 
in phases, with each phase consisting of 20 mgd. Phase 1 will be added in 2021, Phase 2 in 
2034, and Phase 3 in 2048 if demands grow as projected. 

Exhibit 18-1 provides conceptual level costs for the three phases and buildout of Duff No. 2 
WTP. The initial phase is the most expensive, as it includes buildings, yard piping, electrical 
service, and other infrastructure to support the full 60 mgd buildout capacity. The cost for 
this phase is estimated as $70 million. The succeeding phases are estimated as $28 million 
and $30 million. The total buildout cost is $128 million, or about slightly more than $2 per 
gallon per day of treatment capacity. These estimates are conceptual level only, based on 
recent projects that have been implemented at the Duff WTP, comparisons to similar 
treatment plants, and CH2M HILL’s in-house WTP cost estimating software. 

Exhibit 18-2 presents a cash-flow chart that includes both the Duff No. 1 expansion costs 
and the costs for the three phases of Duff No. 2. The timing and components of each phase 
can be adjusted according to actual demand growth and MWC’s financial constraints. 

The cost estimates do not include allowances for contingency, engineering, or escalation. 
MWC indicated that they will apply appropriate allowances for these items in their specific 
capital planning. The Seattle-area Engineering News Record Construction Cost Index value at 
the time of this project equaled 8621 (March 2008). Construction costs, in particular, material 
costs, were rapidly escalating at the time that this report was prepared. For example, ¼-inch 
A-36 steel had increased in price from approximately $0.45 per pound to $0.88 per pound 
from January 2008 to May 2008. Therefore, it is essential that costs be escalated to the 
proposed time of construction by considering the component parts of each work item rather 
than by relying solely on a multiplication of the index value. 
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EXHIBIT 18-1 
Duff No. 2 WTP Capital Improvements Plan 

Process or 
Component Proposed Improvements 

2021 
Phase 1 
(20 mgd 
summer 
capacity) 

2034 
Phase 2 
(40 mgd 
summer 
capacity) 

2048 
Phase 3 
(60 mgd 
summer 
capacity) 

Total for all 
3 phases 

Administration 
building 

Administration building to support 
Duff No. 2; approx. 10,000 sf 

$2,800,000 $0 $0 $2,800,000 

Intake Horizontal screens, gravity flow to 
pump well (Section 15) 

$3,600,000 $0 $0 $3,600,000 

Raw water 
pumps 

Vertical turbine pumps, 20 mgd 
each (2 initial), VFD 

$1,000,000 $500,000 $500,000 $2,000,000 

Raw water 
transmission pipe 

54-inch, parallel to existing 
pipelines 

$600,000 $0 $0 $600,000 

Rapid mix In-line or jet injection type of rapid 
mixer 

$500,000 $0 $0 $500,000 

Flocculation Horizontal paddle wheel 
flocculators; 3-stage 

$2,000,000 $2,000,000 $2,000,000 $6,000,000 

Sedimentation Plate settlers $3,000,000 $3,000,000 $3,000,000 $9,000,000 

Ozone system LOX ozone generators; baffled 
ozone contact basins 

$5,000,000 $3,000,000 $0 $8,000,000 

Chlorination On-site generation $1,600,000 $1,200,000 $600,000 $3,400,000 

Membranes Immersed low pressure 
membranes, (Zenon or Siemens) 

$18,000,000 $8,000,000 $8,000,000 $34,000,000 

Carbon dioxide Carbon dioxide system similar to 
the Duff No. 1 system 

$1,200,000 $400,000 $400,000 $2,000,000 

Clearwell Two 5-MG prestressed concrete 
tanks, ground-level 

$4,200,000 $0 $4,200,000 $8,400,000 

High service 
pumps 

Horizontal centrifugal pumps, 
drawing suction from clearwell 

$6,000,000 $2,000,000 $2,000,000 $10,000,000 

Washwater 
lagoons 

Engineered lagoons similar to 
those for Duff No. 1 

$2,000,000 $1,000,000 $1,000,000 $4,000,000 

Subtotal  $52,000,000 $21,000,000 $22,000,000 $94,000,000 

General site work Site grading, preparation, backfill, 
finishing, etc 

$3,600,000 $1,500,000 $1,500,000 $6,600,000 

Yard piping Interconnecting piping, valves, 
valve vaults, etc 

$6,200,000 $2,600,000 $2,600,000 $11,400,000 

Site electrical Electrical service and connections $5,200,000 $2,200,000 $2,200,000 $9,600,000 

Instrumentation 
and controls 

Instruments, control hardware and 
software 

$3,100,000 $1,300,000 $1,300,000 $5,700,000 

Total Construction $70,000,000 $28,000,000 $30,000,000 $128,000,000 
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EXHIBIT 18-2 
Cash Flow Chart for Duff No.1 and Duff No. 2 Capacity Expansions 
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