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Figure 2.3  MBR Pilot System (View West) 
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3.0 Pilot Test Chronology 

The MBR pilot test system was assembled at KMSP by the District and Enviroquip during the 
period of May 28 through June 21, 2008.  During this time, the septic tanks were also pumped 
and cleaned, in preparation for the pilot test.  In addition, WSP made various site preparations, 
including extending power to the site and installing a rinsing station.  As part of a separate but 
concurrent effort, WSP also evaluated and upgraded the existing drainfield to which MBR 
permeate was conveyed.   

Once the system was fully functioning, operations and testing began, under the direct supervision 
of District staff.  Three distinct phases of operation were observed over the following 13 weeks 
of system use, defined by key operational changes and maintenance activities.  These phases are 
summarized as follows: 

 Phase 1 – Startup (June 20 – July 31).  On June 20, the MBR system was seeded with 
approximately 2,300 gallons of activated sludge from the District’s Joint Wastewater 
Treatment Facility (JWWTF) in Port Orchard.  The first RV wastewater load was received on 
June 22.  As described in Section 4, over the course of the next month the system was 
operated under fairly low flow and MLTSS conditions.  High effluent turbidity and fecal 
coliform levels were also observed during this time, indicating that the system was not 
performing optimally.    

 Phase 2 – Operational (August 1 – August 10).  In early August, multiple operational 
changes and a key maintenance event resulted in enhanced system performance.  A breach in 
MBR Tank manifold tubing was identified as causing the high effluent turbidity and fecal 
coliform levels observed in Phase 1.  This breach was isolated and resolved on August 1.  
Subsequent turbidity and fecal coliform results confirmed that the breach had been 
addressed.  During this same time, in an attempt to reduce oxygen levels in the anoxic zone, 
the wastewater level in the Anoxic Tank was raised, which had the effect of submerging the 
anoxic zone mixer to a greater depth thereby theoretically reducing the amount of air 
entrainment caused by mixing.  In addition, sodium bicarbonate was added to the system to 
raise pH, which had drifted below 7.0 during Phase 1.  However, daily flow volumes 
remained low during this phase. 

 Phase 3 – Supplemental Flow (August 11 – September 18).  Phase 3 represents the final 
period of pilot system operation.  During this time, additional raw RV wastewater was 
imported from other sites (Scenic Beach and Belfair State Parks) in order to increase daily 
flows and evaluate the impact of such modifications upon system performance.  Four 
importing events occurred during this time (August 11, 14, and 19, and September 12), each 
representing an addition of approximately 1,200 gallons of RV waste to the septic tanks (i.e., 
the equalization tanks).   

Additional detail regarding these three operational phases is provided throughout the summary of 
pilot test results presented in Section 4. 
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4.0 Summary of Pilot Test Results 

The following sections document the results of the pilot test.  Various process parameters are 
first discussed, followed by a summary of process performance.   

The data presented in this section are summarized from the following sources: 

 District Field Observations.  District staff made daily observations, recorded in a field 
notebook, of parameters including: effluent flow rate, mixed liquor temperature, trans-
membrane pressure, and turbidity.  In addition, general operating conditions were noted, 
along with any process adjustments or system modifications. 

 Water Quality – On-site Analysis.  District staff collected grab samples and performed on-site 
analysis of the following parameters on a nearly daily basis: pH and dissolved oxygen (DO) 
in the Preaeration and MBR Tanks, MLTSS in the MBR Tank, and filterability from the 
MBR Tank. 

 Water Quality – Laboratory Analysis.  District staff collected grab samples twice a week for 
the purpose of laboratory analysis.  These samples were delivered to Twiss Analytical, Inc. 
for analysis of the following parameters for both influent wastewater and MBR system 
effluent: BOD, chemical oxygen demand (COD), TSS, ammonia, Total Kjeldahl Nitrogen 
(TKN), total and fecal coliform bacteria, and (on two occasions) nitrate-nitrite. 

The discussion below focuses on those measured parameters of most interest with regard to 
system performance, and which may be used to discern to what extent the system achieved the 
test objectives.  A complete set of the water quality data summarized below is provided in 
tabular form in Appendix D. 

4.1 Process Data 

4.1.1 Flow 

Figure 4.1 presents the average daily flow through the MBR system during the course of 
the pilot test study.  As indicated in Section 3, flows were relatively low during Phases 1 
and 2 of system operation, ranging from 95 to 655 gpd, and averaging approximately 300 
gpd.  Two sources of wastewater contributed to the flows observed in these early phases 
of the test: RV waste dumped directly at the site, and domestic flows from the nearby 
WSP Ranger office and residence.  There was no flow measurement of each incoming 
waste stream, so the contribution of each source is unknown.  However, an estimate of 
the contribution made by the domestic source has been calculated based on Ecology 
wastewater flow generation standards1.  Assuming 100 gallons per day (gpd) per person 
for average domestic residential wastewater flow2 and 2.5 people per the 
residence/office3, the average domestic flow component throughout the pilot test is 
estimated to be approximately 250 gpd.  This is a significant amount of the total flow 

                                                 
1 Source:  Ecology’s Criteria for Sewage Works Design (the “Orange Book”, November 2007). 
2 Source:  Orange Book, Table G2-2. 
3 Based on a total of four people living in the residence, but absent during part of the pilot test, and two of the 
residents being young children (i.e., presumably using less toilet water). 
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being processed during Phases 1 and 2, and is a likely contributor to the lower than 
expected MLTSS observed during this time (as discussed in the following section).  RV 
waste flows were likely lower during Phases 1 and 2 as a result of lower than expected 
RV travel during the summer due to high fuel costs. 

Flows increased after the importing of supplemental flows began in early August.  During 
Phase 3, average daily flows ranged from 135 to 1,484 gpd, and averaged approximately 
775 gpd.  At no time did flows approach the stated average day design flow of 3,000 gpd. 

Figure 4.1  Average Daily Flow 
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4.1.2 MLTSS 

Figure 4.2 depicts the mixed liquor total suspended solids (MLTSS) concentration in the 
MBR Tank.  The MLTSS level ranged from 1,882 to 10,003 mg/L during the pilot study, 
averaging approximately 4,000 mg/L. 

Initial MLTSS concentrations were relatively high (between 6,000 and 8,000 mg/L), 
reflecting the JWWTF seed concentration of approximately 12,000 mg/L.  However, 
concentrations dropped dramatically during Phases 1 and 2, as a result of low influent 
flows and potentially reflecting incoming BOD concentrations less than originally 
anticipated (see Section 4.2.3 for details on BOD). 
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MLTSS concentrations increased during Phase 3, coincident with the importing of 
supplemental RV waste flows.  During the final three weeks of the pilot test, MLTSS 
concentrations increased from approximately 4,000 MLTSS to nearly 6,000 MLTSS.  At 
no time did MLTSS concentrations approach the stated design concentration of 15,000 
mg/L. 

Figure 4.2  Mixed Liquor Total Suspended Solids 
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4.1.3 pH 

Figure 4.3 presents the pH in both the Preaeration and MBR Tanks during the course of 
the pilot study.  The figure clearly shows the increase in pH resulting from the addition of 
sodium bicarbonate on August 5.  Prior to this time, the pH had dropped to as low as 6.0.  
After August 5, the average pH in the system was 7.4. 

Figure 4.3  pH 
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4.1.4 Dissolved Oxygen 

Figure 4.4 presents the dissolved oxygen (DO) levels in the Preaeration and MBR Tanks 
during the course of the pilot study.  DO concentrations in the Preaeration Tank averaged 
1.8 mg/L, while the average DO level in the MBR Tank was 2.8 mg/L. 

Figure 4.4  Dissolved Oxygen 
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4.2 Process Performance 

4.2.1 Turbidity 

Figure 4.5 presents the effluent turbidity over the course of the pilot study.  Turbidity 
averaged 0.5 Nephelometric Turbidity Units (NTU) during the study, with the majority of 
the results being between 0.2 and 0.6 NTU.  Four very high turbidity events (greater than 
1.0) were noted prior to August 1, the date when the breach in the MBR Tank manifold 
tubing was fixed.  Two such events were noted after the breach was addressed. 

Figure 4.5  Effluent Turbidity 
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4.2.2 Solids Removal 

Figure 4.6 presents the effluent total suspended solids (TSS) over the course of the pilot 
study.  While influent TSS ranged from 60 to 460 mg/L, and averaged approximately 160 
mg/L, effluent TSS held constant at less than 4 mg/L (i.e., below the detection limit).  
Only two excursions were observed: 7 mg/L on July 7, and 16 mg/L on July 14.  Both 
excursions occurred prior to the MBR Tank manifold tubing breach being fixed. 

Figure 4.6  Effluent Total Suspended Solids 
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4.2.3 Organics Removal 

Figures 4.7 through 4.9 illustrate the performance of the pilot system in removing organic 
material.  As shown in Figure 4.7, influent biochemical oxygen demand (BOD) ranged 
from 146 to 1,830 mg/L, averaging approximately 800 mg/L.  This is lower than the 
MBR system design BOD of 5,000 mg/L.  It is also lower than previously reported 
average influent BOD levels at Washington State RV dump stations.  Based on a report 
compiled by WSP in 1999, RV waste BOD levels at 33 state parks ranged from 520 to 
24,300 mg/L, with an average of 5,042 mg/L4.  However, it should be noted that influent 
BOD levels recorded at the Park during this previous study were 520 mg/L, consistent 
with levels observed during the pilot test prior to the importing of supplemental flows. 

                                                 
4 Source:  Comprehensive Recreational Vehicle Waste Treatment Facilities Assessment (March 1999). 
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Figure 4.7  Influent and Effluent BOD 
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As depicted in Figure 4.8, effluent BOD ranged from 2.2 to 72 mg/L, averaging 
approximately 16 mg/L.  The few very high effluent BOD concentrations (i.e., those 
greater than 30 mg/L) occurred prior to the MBR Tank manifold tubing breach being 
fixed.   

BOD removal efficiencies ranged from 89.3 to 99.8 percent, as shown in Figure 4.9.  Of 
all the sampling events, one-third indicated a BOD removal efficiency of 99% or greater.  
Ninety percent of all sampling events achieved a BOD removal efficiency of 95% or 
greater. 

Comparing Figures 4.8 and 4.9 with Figure 4.2 (MLTSS) a correlation between increased 
MLTSS and enhanced BOD removal during Phase 3 of system operation is observed. 



 

Kitsap Memorial State Park 15 
MBR Pilot Test Report 

Figure 4.8  Effluent BOD 
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Figure 4.9  BOD Removal Efficiency 
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4.2.4 Nutrient Removal 

The efficacy of the pilot system upon nutrient removal was evaluated primarily in terms 
of ammonia reduction via the nitrification process.  Figure 4.10 depicts influent and 
effluent ammonia concentrations over the course of the pilot study.  Influent ammonia 
concentrations ranged from 60 to 915 mg/L, averaging 312 mg/L.  Effluent ammonia 
levels ranged from 0.1 to 108 mg/L, averaging 43 mg/L.   

Figure 4.11 provides a more practical view of the effluent ammonia levels, in addition to 
effluent TKN concentrations.  This figure illustrates a marked improvement in effluent 
ammonia concentrations following the addition of sodium bicarbonate on August 5, and 
the resulting increase in system pH.  Enhanced ammonia removal is also consistent with 
increased MLTSS concentrations.  Subsequent to August 5, effluent ammonia 
concentrations averaged 9 mg/L, excluding two high excursions (81 and 61 mg/L) early 
during this period. 

Figure 4.11 also presents effluent TKN concentrations.  Because TKN represents the 
organic fraction of nitrogen plus ammonia, TKN concentrations are typically greater than 
ammonia concentrations.  However, as shown in Figure 4.11, many sampling events 
reflect the opposite relationship, with TKN levels being less than those of ammonia.  A 
possible reason for these unexpectedly low TKN levels is a negative interference that is 
possible in the laboratory analysis when nitrate concentrations are high (greater than 10 
mg/L)5, which is likely in this case as explained further below.  Therefore, the confidence 
in the depicted effluent TKN concentrations is low, based on the likelihood of this 
interference having influenced the results.   

Effluent nitrate-nitrite concentrations were determined only during the final two sampling 
events of the pilot study.  In those two sampling rounds, influent nitrate-nitrite 
concentrations were 0.14 and 0.13 mg/L, respectively.  Effluent nitrate-nitrite 
concentrations were 92.6 and 110 mg/L, respectively.  These results were expected as 
denitrification was not a goal of this study, and the MBR system was not designed to 
achieve it. 

                                                 
5 Source:  Standard Methods for the Examination of Water and Wastewater (20th Edition), Method 4500-N(org). 
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Figure 4.10  Influent and Effluent Ammonia 
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Figure 4.11  Effluent Ammonia and TKN 
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4.2.5 Microbial Removal 

Figure 4.12 presents effluent fecal coliform concentrations during the course of the pilot 
study.  Numerous high concentrations were observed in the effluent during the early 
stages of the study.  However, after the MBR Tank manifold tubing breach was fixed on 
August 1, effluent fecal coliform levels decreased.  With the exception of a couple 
excursions, concentrations were less than 15 most probable number per 100 milliliters 
(MPN/100 mL) during Phases 2 and 3. 

Figure 4.12  Effluent Fecal Coliform 
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5.0 Evaluation of System Performance 

This section summarizes an evaluation of the MBR pilot system’s performance.  How well the 
system performed compared to the project objectives is first addressed, followed by other 
observations regarding performance and operations.  

5.1 Ability of System to Meet Specific Project Objectives 

As noted in Section 1.2, there were three specific treatment objectives of this MBR pilot 
test.  The system’s performance with regard to each objective is described below. 

 Goal 1:  Achieve 99% BOD removal.  Performance:  Mostly successful.  Once the 
MBR system stabilized and additional waste flow was imported (i.e., during Phase 3), 
99% BOD removal was achieved consistently, even though flow and MLTSS 
conditions remained well below design parameters.  Prior to Phase 3, 98% removal 
was observed routinely, with 90% of all sampling events indicating BOD removal 
greater than 95%. 

 Goal 2:  Achieve TSS concentrations less than 5 mg/L.  Performance:  Successful.  
The MBR system consistently achieved effluent TSS concentrations less than the 
detection limit of 4 mg/L, with only two excursions that occurred during the period of 
time when there was a breach in the MBR Tank manifold tubing. 

 Goal 3:  Optimize removal of ammonia.  Performance:  Successful.  Once the MBR 
system stabilized, additional waste flow was imported, and pH was adjusted, effluent 
ammonia concentrations of less than 10 mg/L were consistently achieved, indicating 
that the nitrification process was working successfully during Phase 3.  The MBR 
system was not designed to achieve other forms of nutrient removal (e.g., 
denitrification). 

5.2 Other Key Performance Observations 

Additional observations of system performance, not directly related to the stated 
objectives, are noted below. 

 Turbidity.  While not an explicit goal of this study, Enviroquip, Inc. indicated to the 
District that the MBR pilot system should achieve effluent turbidity consistently less 
than 0.1 NTU.  This level of performance was never realized, though turbidity was 
generally better after the MBR Tank manifold tubing breach was fixed.  Possible 
reasons for the relatively high observed effluent turbidity include the following: 

 The lower than anticipated MLTSS concentrations resulted in a lower amount of 
biofilm formation on the membranes, which is an additional filtration element that 
Enviroquip systems typically rely upon to achieve optimum filtration results.  
Enhanced filtration may have been observed if MLTSS concentrations had been 
higher. 

 Additional unidentified breaches may have been present in the system, allowing 
some particulate matter to enter the effluent. 



 

Kitsap Memorial State Park 20 
MBR Pilot Test Report 

 Microbial.  Microbial removal was also not an explicit objective of this study.  
However, once stabilized, the system appeared to achieve good coliform removal, 
with effluent fecal coliform concentrations consistently less than 15 MPN/100 ml.   

5.3 Observations Regarding Operational Requirements 

Additional observations regarding system operations are noted below. 

 The system required significant attention during Phase 1 to resolve issues with the 
supplied equipment.  Specifically, a time-intensive “trial-and-error” approach was 
needed to discern which segment of MBR Tank manifold tubing contained the breach 
that led to poor effluent water quality during the initial weeks of the test. 

 Once the tubing breach was addressed and the system was stabilized, minimal 
operator attention was required to maintain sound system performance.  During 
Phases 2 and 3, one District operator was present on the site for approximately one 
hour during each observation/sampling session (i.e., approximately one man-hour per 
day, excluding travel time to and from the site).  Routine activities included collecting 
the necessary water quality samples, recording general operational notes, and 
performing minor site maintenance and cleanup. 

 Total power consumption over the course of the pilot study was 1,374 kilowatt-hours 
(kWH).  Given the length of the study including startup and shutdown periods (173 
days), this translates to an average daily power usage of 60 kWH. 
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6.0 Summary of Conclusions 

The following are key conclusions resulting from the Kitsap Memorial State Park MBR pilot 
study. 

 MBR technology holds promise for use in treating RV waste.  Though the applicability of the 
technology will ultimately be dependent upon permit requirements specific to a given 
site/facility, this pilot study indicates that BOD, TSS, and ammonia removal are achievable 
to desirable levels once the MBR system is stabilized.  Further, as MLTSS concentrations 
increase, so does performance with respect to these effluent parameters. 

 This pilot study does not provide conclusive results regarding the ability of such a MBR 
system to effectively achieve denitrification.  While this system was not designed to meet 
specific denitrification objectives, the inclusion of an anoxic zone was meant to address this 
process to some extent.  However, two high effluent nitrate-nitrite samples suggest that high 
levels of denitrification were not being achieved.  This is likely a function of high dissolved 
oxygen levels in the Anoxic Tank, resulting from aerobic return flows from the MBR Tank 
and possibly air entrainment due to the Anoxic Tank mixer.  Such items will require greater 
attention during design of future MBR systems if denitrification is a stated goal. 

 This pilot system never operated close to its design parameters (in terms of flow or MLTSS).  
Even so, it performed fairly well according to the primary objectives.  Future studies should 
attempt to utilize equipment sized to better reflect actual conditions in order to fully 
understand optimal performance capabilities.  It is anticipated that BOD, TSS, and ammonia 
removals will be enhanced if flow and MLTSS design parameters more closely match field 
conditions.  In addition, design modifications would likely also lead to greater denitrification. 

 MBR technology requires professional management and operation to meet its performance 
standards.  Although this study was not designed to make any conclusive statements for its 
use in a single family residence setting, it is appropriate to note that the required oversight 
and expertise exceeds that which can be provided by most homeowners.  A pilot study of 
MBR systems for residential uses should be conducted in order to determine their suitability 
for that application. 

 Further evaluations of the applicability of utilizing MBR technology at Washington State 
Parks sites are recommended.  Such studies should involve longer periods of testing time, 
particularly in the event that significant operational or maintenance events are required to 
stabilize performance (as was the case in this instance).  Once a pilot system is stabilized, a 
lengthier study time allows for additional investigation of certain parameters upon 
performance.  In this study, increased time may have resulted in establishing a more 
definitive trend between MLTSS concentration and BOD and ammonia removals, as was 
becoming apparent during Phase 3.  In addition, operational modifications could have been 
tested to address denitrification performance. 
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KITSAP MEMORIAL STATE PARK 
MBR PILOT SYSTEM DESIGN 

PILOT TEST PROTOCOL 
 
 
1. INTRODUCTION 
 
A pilot test will be conducted to evaluate the possible use of a membrane bioreactor (MBR) 
system for the treatment of recreational vehicle (RV) wastewater at the Kitsap Memorial State 
Park (the Park).  This Pilot Test Protocol presents the wastewater characteristics, treatment 
objectives, pilot test operations plan, pilot test system, operating procedures and plan for 
reporting results of this test. 
 
2. BACKGROUND 
 
Kitsap Memorial State Park’s existing RV wastewater treatment system consists of two septic 
tanks operating in series and a drainfield.  The existing RV wastewater treatment system treated 
water from the RV dump station as well as wastewater from the Ranger office and Ranger 
residence.  The existing septic system and drainfield has been ineffective at treating RV 
wastewater, so the Washington State Parks decided to conduct a pilot test of an MBR system for 
the treatment of RV wastewater.   
 
A MBR system combines biological treatment processes with membrane filtration.  The 
membranes are submerged in an aerated biological reactor.  The biological reactor removes 
contaminants such as biochemical oxygen demand (BOD) and nitrogen, while the membrane 
filtration physically separates suspended solids from the water. 
 
RV wastewater will be collected from an existing septic tank.  The wastewater will then be 
pumped to the pilot system.  The pilot system consists of an anoxic tank, aeration tank, MBR 
tank, and two waste activated sludge tanks.  Treated effluent will be pumped into an existing 
drainfield, while waste activated sludge will be removed by a certified sludge disposal company. 
 
 
3.  WASTEWATER CHARACTERISTICS 
 
RV wastewater is typically treated with chemicals to control odors while stored in the RV 
holding tanks.  These same chemicals can inhibit biological decomposition of this wastewater, 
especially in an anaerobic treatment process.  The wastewater that will be treated at this facility 
is expected to have the following estimated characteristics: 

 
• Biological Oxygen Demand (BOD): 500 to 5,000 mg/L 
• Chemical Oxygen Demand (COD): 1,600 to 7,600 mg/L 
• Total Suspended Solids (TSS) – 150 to 5,200 mg/L 
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4. EFFLUENT WATER QUALITY OBJECTIVES 
 
The use of MBR technology in the treatment of RV waste is new and standardized effluent 
requirements have not been established by the local health department, Washington State 
Department Board of Health, or Department of Ecology.  The effluent water quality goal of the 
pilot test is to optimize the removal of BOD, TSS, and nutrients.  The minimum effluent 
requirements for this test will be 99% BOD removal and TSS concentrations less than 5 mg/L.   
 
5. PILOT TEST OPERATIONS PLAN 
 
The pilot test system will be evaluated during the period of maximum use. The pilot system will 
be operated from mid-April 2008 to mid-September of 2008, Kitsap Memorial Park’s busiest 
months.  During this time, RV’s will be permitted to empty their tanks at the RV dump station.  
However, access to the dump station will be monitored and may be closed at times to ensure that 
the pilot test system’s capacity is not exceeded.   
 
6. PILOT TEST SYSTEM 
 
6.1. Equipment 
 
The pilot treatment system will have a maximum capacity of 1,000 gpd and consist of the 
following: 
 

• Two existing septic tanks to provide equalization 
• One MBR system (supplied by Enviroquip, Inc.). This system will be fully automated for 

normal operation and cleaning, and it will include fine screens for solids removal 
• Above grade waste activated sludge tanks  
• Aeration blowers and pumps, as required 
• One prefabricated equipment shed, insulated for sound attenuation, to house blowers and 

pumps 
• All equipment will be designed for a 220V single-phase power supply 

 
6.2. Pilot Test System Configuration 
 
The pilot test system will be located above grade, adjacent to the existing septic tanks.  
Wastewater from the existing septic tanks will be pumped to the pilot test system.  The pilot test 
system’s treated effluent will be discharged into the existing effluent forcemain to the drainfield.  
The pilot test system will be installed by a contractor and operated by URS staff. 
 
7. PILOT TEST PROCEDURES 
 
The system will be operated, monitored, and adjusted as needed to optimize system performance 
over the operating period. 
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7.1. On-site Analysis 
 
The following chemical samples will be collected four times per week and analyzed onsite: 

1. Mixed Liquor Total Suspended Solids (MLTSS) from the first aeration tank (measured 
using “Standard Methods for the Examination of Water and Wastewater Method 2540D, 
Total Suspended Solids Dried at 103-105°C”) 

2. MLTSS from a WAS tank (measured using “Standard Methods for the Examination of 
Water and Wastewater Method 2540D, Total Suspended Solids Dried at 103-105°C”) 

3. pH and dissolved oxygen (DO) from each of the two aeration tanks (measured using a 
portable pH/DO meter) 

4. pH and dissolved oxygen from the MBR tank (measured using a portable pH/DO meter) 
5. Filterability from the MBR tank (See Kubota IOM). 

 
7.2. Lab Analysis 
 
The following chemical samples will be collected two times per week and analyzed offsite by a 
Washington State-certified wastewater testing laboratory: 

1. Biological Oxygen Demand 5-day (BOD5) from wastewater influent and wastewater 
effluent 

2. Chemical Oxygen Demand (COD) from wastewater influent and wastewater effluent 
3. Total Suspended Solids (TSS) from wastewater influent and wastewater effluent 
4. Total Volatile Suspended Solids (TVSS) from wastewater influent and wastewater 

effluent 
5. Ammonia from wastewater influent and wastewater effluent 
6. Total Kjeldahl Nitrogen (TKN) from wastewater influent and wastewater effluent 
7. Nitrate from wastewater influent and wastewater effluent 
8. Total Coliform Bacteria from wastewater influent and wastewater effluent 
9. Fecal Coliform Bacteria from wastewater influent and wastewater effluent 

 
Tests may be performed more frequently during initial operations to aid in system operation.  
Phosphate and Alkalinity samples may also be taken and analyzed offsite during the pilot test 
start-up. 
 
7.3. Record Keeping 
 
The following operational parameters will be recorded twice per day, once in the morning and 
once in the evening, while the pilot plant system is in operation: 

1. Effluent flowrate 
2. Recycle flowrate 
3. MLTSS in MBR tank 
4. Mixed liquor temperature 
5. Trans-Membrane Pressure (TMP) 
6. Turbidity/Color of wastewater effluent 
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8. REPORT 
 
A report will be written at the end of the pilot test.  This report will summarize pilot test results 
and provide an evaluation of the pilot test system’s performance with recommendations for use 
of full scale systems in similar applications. 
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BRACKETT GREEN    CAIRD & RAYNER CLARK    DORR-OLIVER    EIMCO PROCESS    ENVIROQUIP    JONES+ATTWOOD      WEMCO  

Enviroquip a division of 
Eimco Water Technologies LLC 

2404 Rutland Drive 
Austin, TX 78758 USA 
www.glv.com 

Tel: 512.834.6000 
Fax: 512.834.6039 

 
12 March 2007 
 
Kris Turschmid, PE 
URS Corp.  
1501 Fourth Ave. 
Suite 1400 
Seattle, WA 98101 
 
 
RE:  Enviroquip MBR Pilot Treatment System for Kitsap Memorial Park 
 
 
Mr. Turschmid: 
 
Enviroquip is pleased to offer this proposal for a MBR Pilot Treatment System.  For your 
reference, we have included a Piping and Instrumentation Diagram (P&ID) and a Scope 
of Supply for your system.  
 
Hydraulically, the proposed MBR system is configured to treat an average daily flow 
(ADF) of 3,000 gallons per day at a minimum wastewater temperature of 10°C and a 
mixed liquor suspended solids concentration of 15,000 mg/L.  For process calculations, 
and the available system volumes, the MBR system is configured for an influent 
wastewater profile for BOD5/TSS/NH3 of 5000/5000/750 mg/L with effluent parameters 
for BOD5/TN/NH3 of 5/10/1 mg/L.   
 
The general unit operations that would comprise the pilot plant are shown on the 
attached P&ID, which generally indicates that screened wastewater will be fed into the 
Anoxic Zone.  Mixed liquor will then be pumped from the Anoxic Zone to the MBR Zone.  
Wastewater would then be recycled from the MBR Zone back to the Anoxic basin via 
gravity (to be mixed with incoming raw wastewater).  Specifics regarding anoxic and 
MBR process volumes can be found on the attached Scope of Supply.   
 
For aeration, one blower will be provided for membrane cleaning and process air 
requirements at the influent numbers above. 
 
Enviroquip’s Scope of Supply for the MBR Pilot Treatment system is detailed below. 
 



 
 

 

GENERAL SCOPE OF SUPPLY  
Enviroquip will provide assistance for connections and commissioning of process 
equipment, as well as operator training and startup services.   
 
Supplied Equipment  
Enviroquip shall provide all equipment and instrumentation as listed below.  In addition, 
all motor starters, relays, and ancillary hardware shall be provided as required for 
operation and shall be housed in NEMA enclosures. 
 
MBR Tank (650 gallons) 

• (1) Kubota FS-25 Membrane Cassette, containing a case, membrane 
filter cartridges, and air diffuser 

• (1) Lot of Piping, including: 
o Air piping from blower to air diffuser 
o Diffuser cleaning header 
o PVC permeate piping  
o Valves for permeate/chemical cleanings  
o Air isolation valve 
o Supports for piping 

• (1) Permeate Pump  
• (1) Permeate Flow Control Valve 
• (1) Permeate Pump Suction Pressure Transmitter 
• (1) Permeate Flow Meter 
• (1) Air Diffuser Cleaning Valve 
• (1) Dissolved Oxygen (DO)/Temperature Meter 
• (1) MBR Level Switch 
 

Aeration System 
• (1) MBR Air Scour Blower Package  
• (1) Air Flow Indicator, Local  
• (1) Air Supply Line Isolation Valve 
• (1)  Preaeration Blower Package 
 

Preanoxic Tank (800 gallons) 
• (1) Waste Sludge Discharge Valve 
• (4) Level Switches 
• (1) Recycle Pump 
• (1) Tank Mixer  
• (1) Fine Screen 

 
Postanoxic Tank (650 gallons) 

• (1) Tank Mixer  



 
 

 

Preaeration Tank (1,800 gallons) 
 
Chemical Cleaning System 

• (1)  Chemical Cleaning Tank and Isolation Valve 
• (1)  Chemical Dosing Pump 

Control Panel 
• SCADA System 
• MBR Main Control Panel with PLC 

  
Engineering Design Services 
Enviroquip’s scope of design generally includes aeration, pumping, mixing, filtration, 
and air delivery systems.  Specifically, our design scope is defined by the following 
tasks: 

 
1. Modeling of process performance 
2. Analysis of system hydraulics 
3. Preparation of process and instrumentation drawings (P & ID's) 
4. O&M Manual development 

 
Field Services Included 

1. Enviroquip shall supervise equipment installation. 
2. Perform function testing, commissioning, and operator training as required for 

operation of the MBR plant.   
 

Equipment/Services Not Provided 
1. Connection of 480 volt, 30 amp, 3-phase electrical power to pilot plant main 

disconnect.  All conduits to be temporarily mounted and exposed for later 
removal. 

2. Permits 
3. Tank foundations 
4. Walkways and fall protection as required  
5. Coarse (1/2-inch) screening 
6. Grit removal + handling 
7. Sludge handling, storage, treatment equipment or tanks 
8. Heat tracing, insulation, or related controls and appurtenances 
9. Concrete work, grout, or sealant 
10. Field cleaning or field painting 
11. Wire, wiring, or conduit (external to plant) 
12. Existing DCS/PLC configuration for remote monitor 
13. Startup chemicals, seed sludge and laboratory services 

 
Associated Fees 

1. Pilot plant lease fee is $5,000.00 per month.  In the event the contract for 
supply of equipment for the full-scale facility is awarded to Enviroquip, then 
this lease fee will be waived. 



 
 

 

2. Freight charges (to be determined) to and from the testing site will be applied 
in addition to the lease fee. 

 
 
 
 
In the event you have any questions, please feel free to contact me: 
 
 
Best Regards, 
 
 
 
Mark Stone, PE 
R&D Manager,  
Membrane Bioreactors 
Enviroquip 
a division of Eimco Water Technologies  
(512) 834-6042 
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Kitsap Memorial State Park

MBR Pilot Study - Water Quality Results

Recorded by West Sound Utility District Staff

Effluent 

Flow Rate

Recycle 

Flow Rate MLTSS ML Temp TMP Turbidity Daily Flow pH MBR

pH 

Aeration 

Tank DO MBR

DO 

Aeration 

Tank Filterability

BOD 

Influent

BOD 

Effluent

COD 

Influent

COD 

Effluent
gal/min gal/min mg/L C NTU gpd mg/L mg/L mls mg/L mg/L mg/L mg/L

6/21/2008 1.45 7972 18.2 o/s 0.06 648 7.6 7.8 1.87 2.24 2

6/22/2008 0.98 7342 19.4 o/s 0.06 266 7.7 7.6 1.59 2.67 2

6/23/2008 0 19.2 o/s 171 7.6 7.5 2.57 3.83 3 146 5.8 580 88

6/24/2008 0.84 6923 20.3 0.41 174 7.3 7.4 1.29 1.34 1.5

6/25/2008 0.84 6497 19.9 0.37 230 7.2 7.3 1.15 2.07 0.5 180 19.3 360 38

6/26/2008 0 20.1 359 220 5.75

6/27/2008 0.6 20 112 363 6.6

6/28/2008 0 6157 21.2 0.22 247 7.4 7.6 1.57 2.85 1

6/29/2008 0.62 6022 21.8 0.29 346 7.5 7.5 1.03 3.03 2

6/30/2008 105

7/1/2008 0 6423 22 0.14 335 7.6 7.5 1.62 1.42 1.5 350 8.48 705 80

7/2/2008 0 5941 22.3 1.49 0.19 252 7.6 7.4 2.03 1.92 1 454 9.76 454 83

7/3/2008 0.64 22.2 1.57 206

7/4/2008 161

7/5/2008 0 4287 21.3 1.49 0.68 347 7.3 7.1 1.11 1.01 3

7/6/2008 0.67 10003 21.6 1.51 0.14 474 7.3 7.2 3.03 1.64 4

7/7/2008 0.75 3123 22 1.53 0.68 241 7.4 7.4 1.37 1.03 4 740 72.2 1090 202

7/8/2008 0.75 3248 22.4 1.48 1.3 399 7.5 7.4 0.96 3.74 4.1

7/9/2008 0.79 22.5 1.46 401 7.4 7.3 1.87 3.04 4.2 879 6.16 1240 178

7/10/2008 0 3009 22.7 1.51 0.94 116

7/11/2008 294

7/12/2008 0.68 3971 23.8 1.54 0.21 358

7/13/2008 0.68 2881 23.6 1.54 0.31 95 7 6.9 2.11 2.19 0.5

7/14/2008 0 3043 23.3 0.8 0.91 406 6.6 6.5 1.63 3.09 1.5 929 67.6 1350 272

7/15/2008 0 2853 23.6 0.93 1.21 226 6.5 6.5 1.41 1.77 1.5

7/16/2008 0.78 3008 23.1 1.48 0.82 190 6.3 6.2 1.66 3.15 1.5 938 37.7 1370 272

7/17/2008 0.76 3167 1.5 1.48 217

7/18/2008 0.76 2887 1.51 1.53 208

7/19/2008 0.75 19.6 1.61 218 6.6 6.6 1.24 1.57 2

7/20/2008 0.72 5405 20.1 1.55 0.24 230 6.8 6.8 1.15 1.03 2

7/21/2008 0.78 1882 23.4 1.25 136 6.8 6.8 2.21 3.22 4 761 13.3 1280 196

7/22/2008 0.7 1910 20.9 1.8 0.45 443 6.6 6.6 5.42 1.37 4.7

7/23/2008 1.11 1976 19.8 1.44 0.54 168 6.7 6.7 4.62 1.62 2.8 708 11.7 1230 214

7/24/2008 0.7 1940 18.8 1.59 0.56 377 6.4 6.4 4.78 1.29 4.2

7/25/2008 0.77 2527 20 1.48 0.43 291 6.5 6.5 5.11 1.26 5.5

7/26/2008 1.04 2550 19.5 1.49 0.34 224

7/27/2008 1.01 2151 20.2 1.55 0.49 288 6.5 6.6 5.02 1.12

7/28/2008 0.75 2174 22.2 1.76 0.44 421 6 6 5.14 2.88 6 799 12.8 1190 172

7/29/2008 1.11 2235 21.2 1.48 0.34 582 6 6 5.54 0.91 5.8

7/30/2008 1.22 2539 20.9 1.25 0.31 171 6.3 6.3 3.97 1.54 3 671 3.12 1260 154

7/31/2008 1.35 2374 19.8 1.1 0.23 555 6.6 6.6 3.97 1.54 1.5

8/1/2008 0.69 2548 19.8 1.45 0.36 182 6 6 4.51 2.16 1

8/2/2008 0.71 2897 19.4 1.75 0.32 169 6.2 6.5 3.76 1.24 1

8/3/2008 0.69 3001 19.7 1.52 0.82 655 6 6.1 1.17 1.51 1

8/4/2008 0.82 2548 20.7 1.43 0.73 250 6.1 6 1.03 1.14 1.5 813 27.3 1250 130

8/5/2008 0.79 4936 21.2 1.45 0.42 250 6.3 6.6 2.59 1.23 1.5

8/6/2008 0.82 3429 21.2 1.38 0.41 104 7.6 7.5 0.88 0.9 3 867 24.7 1340 198

8/7/2008 0.84 3401 23 0.33 0.67 175 7.4 7.3 2.24 1.9 1.5

8/8/2008 1 22 1.48 647 7.4 7.3 1.84 2.16 6

8/9/2008 1.1 4002 22.1 1.5 1059 7.1 7.1 5.42 1.22 3.5

8/10/2008 0.74 3524 22.2 1.39 1.23 705 7.2 7.3 1.98 2.03 5

8/11/2008 0.68 3367 22.2 1.45 0.97 109 7.3 7.2 1.26 1.58 4.1 880 22.7 1460 159

8/12/2008 1.2 3017 21.9 1.52 0.51 1164 7.3 7.1 1.89 1.15 2

8/13/2008 2 3067 22.4 -0.8 0.43 1484 7.4 7.5 2.25 2.38 3 1010 18.1 1620 164

8/14/2008 2.1 3214 22.2 -0.8 0.27 1467 7.5 7.6 2.69 0.79 2.2

8/15/2008 1.1 3126 24.2 -0.8 0.34 1312 7.7 7.5 2.1 1.47 3.5

8/16/2008 1.2 3544 0.35 1175

8/17/2008 1.3 3674 24.1 -0.8 0.29 1208 7.5 7.4 1.87 1.04 3

8/18/2008 1 24 -0.8 1449 7.4 7.4 1.47 2.8 3.3 1170 10.9 2160 194

8/19/2008 1.2 4142 23.8 -0.8 0.33 427 1.42 1.87

8/20/2008 1.84 3239 22.9 -0.8 0.52 1161 7.2 7.4 3.14 2.13 5.5 1830 17.8 2960 166

8/21/2008 1.13 3373 22.4 -0.8 0.55 1161

8/22/2008 1 5861 22 -0.8 0.5 1213 7.6 7.6 2.71 1.61 4.3

8/23/2008 0.88 3741 22.2 -0.8 1027 7.6 7.4 5.22 0.91 4

8/24/2008 0.81 22.4 -0.8

8/25/2008 0.8 3824 21 -0.8 0.37 604 7.2 7.1 1.25 3.7 2160 160

8/26/2008 0.8 3860 21.4 -0.8 0.42 292 7.2 7.2 0.81 3.2

8/27/2008 0.72 3983 20.6 -0.8 1.09 135 7.1 7.1 1.32 4.8

8/28/2008 0.8 3966 21.1 0.3 0.57 408 7 6.8 1.26 3.8 1110 5.11 2160 150

8/29/2008 0.8 3830 22 0.7 0.74 920 7 7 2.17 4.2

8/30/2008 0.55 3882 22 -0.5 0.4 498 7.5 7.4 2.31 3.8

8/31/2008 0.57 4444 21.3 -0.5 0.69 628 7.6 7.6 2.33 4.8

9/1/2008 627

9/2/2008 0.49 4376 22.3 -0.4 0.41 480 7.4 7.6 1.32 6.7 814 12.4 1480 130

9/3/2008 0.88 4228 20.4 -0.8 0.56 750 7.4 7.6 0.7 5.8

9/4/2008 0.73 4246 21.5 -0.4 0.41 1085 7.4 7.8 2.39 6.4 665 8.53 1280 144
9/5/2008 0.68 4507 22 -0.5 0.44 1125 7.6 7.8 2.1 4.7

9/6/2008 0.65 4507 23 -0.4 0.51 716 7.5 7.4 0.87

9/7/2008 0.5 23.1 -0.8 0.45 7.4 7.4 1.37 4.2

9/8/2008 0.58 5001 22.8 -0.8 0.39 466 7.4 7.5 1.98 0.85 4.8 844 3.06 1480 132

9/9/2008 0.58 22.1 -0.8 516 7.5 7.4 0.91 3.8

9/10/2008 0.5 4789 21.5 -0.8 0.47 170 7.4 7.3 2.22 1.45 3.8 900 2.7 1360 122

9/11/2008 0.52 5257 21.1 -0.5 0.56 249 7.3 7.3 2.65 4.2

9/12/2008 0.52 4640 21.4 -0.7 0.61 907 7.4 7.4 0.85 5.1

9/13/2008 685

9/14/2008 0.5 4691 21 -0.8 0.49 1003 7.4 7.2 1.89 0.77 4.5

9/15/2008 0.55 5672 21 -0.5 0.34 302 7.3 7.4 2.13 0.94 5.6 1202 2.45 2060 142

9/16/2008 0.55 5487 20.9 -0.6 0.51 457 7.4 7.2 1.05 2.9 6.1

9/17/2008 0.54 5638 20.8 -0.6 0.34 230 7.2 7.3 20.1 2.32 4.7 1140 2.24 1860 126

9/18/2008

9/19/2008

9/20/2008

9/21/2008

1
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6/21/2008

6/22/2008

6/23/2008

6/24/2008

6/25/2008

6/26/2008

6/27/2008

6/28/2008

6/29/2008

6/30/2008

7/1/2008

7/2/2008

7/3/2008

7/4/2008

7/5/2008

7/6/2008

7/7/2008

7/8/2008

7/9/2008

7/10/2008

7/11/2008

7/12/2008

7/13/2008

7/14/2008

7/15/2008

7/16/2008

7/17/2008

7/18/2008

7/19/2008

7/20/2008

7/21/2008

7/22/2008

7/23/2008

7/24/2008

7/25/2008

7/26/2008

7/27/2008

7/28/2008

7/29/2008

7/30/2008

7/31/2008

8/1/2008

8/2/2008

8/3/2008

8/4/2008

8/5/2008

8/6/2008

8/7/2008

8/8/2008

8/9/2008

8/10/2008

8/11/2008

8/12/2008

8/13/2008

8/14/2008

8/15/2008

8/16/2008

8/17/2008

8/18/2008

8/19/2008

8/20/2008

8/21/2008

8/22/2008

8/23/2008

8/24/2008

8/25/2008

8/26/2008

8/27/2008

8/28/2008

8/29/2008

8/30/2008

8/31/2008

9/1/2008

9/2/2008

9/3/2008

9/4/2008
9/5/2008

9/6/2008

9/7/2008

9/8/2008

9/9/2008

9/10/2008

9/11/2008

9/12/2008

9/13/2008

9/14/2008

9/15/2008

9/16/2008

9/17/2008

9/18/2008

9/19/2008

9/20/2008

9/21/2008

TSS 

Influent

TSS 

Effluent

Ammonia 

Influent

Ammonia 

Effluent

TKN 

Influent

TKN 

Effluent

Fecal 

Coliform 

Influent

Fecal 

Coliform 

Effluent

Total 

Coliform 

Influent

Total Coliform 

Effluent

Nitrate-

Nitrite 

Influent

Nitrate-

Nitrite 

Effluent
mg/L mg/L mg/L mg/L mg/L mg/L mpn/100 mL mpn/100 mL mpn/100 mL mpn/100 mL mg/L mg/L

270 4 60.5 33.4 103 28.7 16000 260 2419.2 461.1

135 4 68.3 23.9 86.2 25.2 160000 20 241920 1067

92 4 254 46.2 230 34 1600 23 2419.2 727

60 4 309 53.1 250 42.5 900 1600 2419.2 2419.2

64 7 214 95.4 356 115 160000 1300 241920 292

72 4 204 89.4 337 104 1600000 20 2419200 350

68 16 254 55.2 381 31 500000 900 2419200 24192

82 4 266 57 432 41 900000 40 2419200 288

74 4 210 68.2 360 64.8 5000000 4000 24192000 1000

80 4 234 76.2 339 104 2400000 23 38730000 178.5

137 4 268 84.8 365 85.5 2200000 80 52470000 224.2

122 4 339 94.8 365 41.6 130000 2 38730000 65.7

102 4 364 108 412 32 5000000 2 57940000 203.5

82 4 348 81.2 388 12.8 2400000 500 38730000 13340

98 4 304 17.6 382 5 3000000 50 241920000 980.4

207 4 449 61 449 13.7 5000000 400 64880000 53.8

412 4 314 4.4 378 6.37 5000000 8 98040000 1

460 4 392 10.4 476 18.9 1300000 1 10760000 1

284 4 360 7.9 448 2.79 1300000 13 57940000 2

251 4 363 1.8 436 0.5 5000000 4 92080000 1

150 4 244 2.4 299 2.38 30000000 2 64880000 4.1

180 4 299 0.13 338 5.31 64880000 2 16000000 1

123 4 915 6.94 292 0.5 13000000 2 79150000 1

117 4 320 11.4 328 0.5 160000000 4 129970000 1

313 4 354 14.4 441 1.59 13000000 2 12997000 5.2 0.14 92.6

275 4 399 24.5 407 2.43 160000000 13 15531000 27.8 0.13 110
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