
From:                                 David Sloan
Sent:                                  Tue, 10 Mar 2015 16:49:42 +0000
To:                                      Joel Klumpp (joel.klumpp@tceq.texas.gov); Vera Poe 
(vera.poe@tceq.texas.gov)
Cc:                                      Russell Schreiber (Wichita Falls); Brad B. Castleberry (Lloyd, Gosselink); Daniel 
Nix (Wichita Falls)
Subject:                             Wichita Falls Request to Blend Lake Kemp water with DPR
Attachments:                   DPR Exception Modification Request Transmittal.pdf, Engineering Report (3-3-
15).pdf, RRWWTP CT with Permeate Free Chlorine.xlsm, HQ Rd CT with Permeate Free Chlorine.xlsm, 
Proposed Modifications to DPR Conditions.docx, Plan Review Submittal Form.pdf, Supplemental PS 
Plans - 3-10-15.pdf, 44 42 56 09 Self-Priming Centrifugal Pumps.pdf

Joel & Vera:
 
Attached is the submittal package for the Wichita Falls Lake Kemp supply integration, as we discussed at 
our meeting in your offices in January. We are also providing 3 hard copies by mail. Included are the 
following:

 
1.       Transmittal letter. 
2.       Sealed Engineering Report.
3.       Updated CT studies (for River Road WWTP source and Headquarters Road PS source [Lake 

Kemp])
4.       Proposed Modifications to DPR Conditions (with explanatory comments)
5.       Plans & specs submittal review form
6.       Supplemental pump station drawings
7.       Pump specification

 
As noted in the transmittal letter, the City is eager to incorporate this source and would welcome a 
meeting with your staff to discuss this and work out any details. Please contact me if there are questions 
regarding the attached documents or the overall plan.
 
Best regards, 
 
DAVID W. SLOAN, P.E., BCEE 
SENIOR PROCESS ENGINEER 
BOARD CERTIFIED ENVIRONMENTAL ENGINEER 
 

  
 

WATER / WASTEWATER TREATMENT & REUSE 
4055 INTERNATIONAL PLAZA, SUITE 200 | FORT WORTH, TX, 76109
817 735 7277 VOICE | 817 528 4442 CELL 
EMAIL: dws@freese.com 
 
 
This electronic mail message is intended exclusively for the individual or entity to which it is 
addressed. This message, together with any attachment, may contain the sender's organization's 
confidential and privileged information. The recipient is hereby notified to treat the information 



as confidential and privileged and to not disclose or use the information except as authorized by 
sender's organization. Any unauthorized review, printing, retention, copying, disclosure, 
distribution, retransmission, dissemination or other use of, or taking of any action in reliance 
upon, this information by persons or entities other than the intended recipient is prohibited. If 
you received this message in error, please immediately contact the sender by reply email and 
delete all copies of the material from any computer. Thank you for your cooperation. 
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principal condition for extended operation, and the authorization has now been extended through 

March 31, 2015 to allow final documentation and approval of the UV system. Extended authorization 

is anticipated with final approval of the UV system. However, concerns regarding continued loss of 

water supply remain, threatening even the DPR program, which is dependent on blending with equal 

parts of fresh water from Lakes Arrowhead and/or Kickapoo. 

The City’s third reservoir, Lake Kemp is a brackish source which requires desalination prior to use for 

drinking water. The facilities constructed for this purpose are the same facilities currently used for the 

DPR program, which was presumed to be of limited duration and therefore not in long-term conflict 

with the use of the Lake Kemp supply. The City now proposes to blend and concurrently treat 

reclaimed water and Lake Kemp water through the City’s existing desalination facility, and credit the 

Lake Kemp blending as a substitute for all or a portion of the current Arrowhead/Kickapoo blending. 

Total finished water from the Cypress WTP derived from reclaimed water would remain at or below 

50%. The City proposes to implement this source as soon as possible to conserve the Arrowhead and 

Kickapoo supplies for continued, but reduced, use to delay or prevent their exhaustion. 

This report is to present the recommended approach and facilities to concurrently treat reclaimed 

water and Lake Kemp water through the City’s existing desalination facility. 

2.00 DATA 

The Cypress Water Treatment Plant has demonstrated ability to produce high quality drinking water 

from raw water with significant variation in chemical parameters and suspended solids characteristics. 

This section focuses on the salinity parameters of different sources and the plant’s ability to meet the 

secondary salinity standards through desalination and blending. 

2.01 HISTORICAL SOURCE WATER QUALITY 

Recent (2011-2014) historical water quality data for three sources of supply are summarized in this 

section. The sources represented are the Secondary Reservoir, blended from Lakes Arrowhead and 

Kickapoo, Lake Kemp, and treated effluent from the River Road WRRF. Figure 1 shows total dissolved 

solids, and Figure 2 shows chloride, consistently higher than sulfate and likely to be the limiting 

secondary parameter. This period may not be representative of long-term water quality but 

represents the recent years affected by the area’s extreme drought, and is therefore useful in 

evaluating likely near-term future conditions relevant to the City’s proposed contingency plans. 
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Figure 1 - Recent Historical TDS 

 

 

 

 

Figure 2 - Recent Historical Chloride 
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2.02 PROJECTED LAKE KEMP AND BLENDED RAW WATER QUALITY 

Based on the recent historical data summarized in the previous section, Lake Kemp raw water is 

expected to have a TDS of about 4500 mg/l at the time of implementation for integrated desalination 

operations. If the drought intensifies with a return to high evaporation conditions, water quality could 

again worsen, and an extreme condition of 6000 mg/l is proposed for contingency planning. This is 

not considered a worst-case boundary, but does represent an extreme condition worse than 

measured values from the summer of 2013. Corresponding values proposed for chloride are 1800 

mg/l initial and 2400 mg/l extreme. The maximum monthly value for sulfate during the period 

reviewed was 1394 mg/l, and is therefore not a controlling parameter. 

Blended raw water quality is projected in Table 1 for two conditions, assuming an equal blend of 

treated effluent from the River Road WRRF and raw water from Lake Kemp. The first condition is for 

initial anticipated raw water quality and the second condition is for extreme water quality conditions 

as described above. 

 
Table 1 - Projected Blended Raw Water Quality 

 

 Initial Concentrations (mg/l)  

Sources TDS Chloride % Share 

River Road WRRF 1000 350 50% 

Lake Kemp 4500 1800 50% 

Blended Raw 2750 1075  

    

    

 Extreme Concentrations (mg/l)  

Sources TDS Chloride % Share 

River Road WRRF 1816 654 50% 

Lake Kemp 6000 2400 50% 

Blended Raw 3908 1527  

 

3.00 TREATMENT EVALUATION 

3.01 PROJECTED MF/RO TREATED WATER QUALITY 

RO membranes for Train 4 were replaced in December 2013, and the remainder were replaced in 

October 2014. Based on the current upgraded performance and allowing for some modest reduction 
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over time, projected water quality for this report assumes 95% rejection of TDS and chloride, as 

indicated in Table 2. 

 

Table 2 - Projected Treated Water Quality 

 

 Initial Concentrations (mg/l) Flow 
(mgd) Sources TDS Chloride 

Blended Raw 2750 1075 15.0 

RO Removal 95% 95% 33% 

Permeate 137.5 53.75 10.0 

    

    

 Extreme Concentrations (mg/l)  Flow 
(mgd) Sources TDS Chloride 

Blended Raw 3908 1527 15.0 

RO Removal 95% 95% 33% 

Permeate 195.4 76 10.0 

 

3.02 PROJECTED BLENDED FINISHED WATER QUALITY 

This report assumes the blending of River Road effluent with an equal or greater quantity of Lake 

Kemp raw water will replace the need for blending water from the secondary reservoir to meet 

regulatory conditions. As the MF/RO permeate continues through the conventional treatment 

processes, final quality for salts will be similar to that projected for the permeate, as described in the 

previous section. If additional Lake Kemp water is needed to meet total demands, it would exceed the 

capacity of the existing membrane facility. This condition could occur if all water supply was lost from 

Lakes Arrowhead and Kickapoo, but is not anticipated under current drought modeling scenarios. 

Therefore, this condition will not be addressed by this report.  

4.00 CONCEPTUAL TREATMENT CONFIGURATIONS 

The proposed incorporation of Lake Kemp water into the Cypress Water Treatment Plant is through 

the 2008 membrane facility constructed specifically to treat Lake Kemp source water. This section 

examines the limitations of the existing membrane treatment facility to determine the production 

available when treating a blend of source water from River Road WRRF and Lake Kemp. Additional 
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demands will require continued treatment of water from the Secondary Reservoir (Arrowhead and/or 

Kickapoo source water) at either the Cypress WTP or Jasper WTP.  

4.01 MAXIMIZING EXISTING CONFIGURATION 

The existing membrane treatment plant at Cypress WTP has a nominal treatment capacity of 10 MGD 

as treated permeate, requiring approximately 15 MGD of raw water as source water. The DPR 

operation was intended to use half the production capacity, producing up to 5 MGD of permeate to 

blend with an equal amount of raw water from the secondary reservoir for treatment through the 

2010 conventional treatment facility, which also has a rated treatment capacity of 10 MGD. 

The proposed integrated desalination concept is to blend equal portions of Kemp raw water with River 

Road WRRF effluent prior to treatment through the membrane plant, followed by additional 

treatment through the 2010 plant. Alternatively, blending could be accomplished through a 

combination of Lake Kemp raw water prior to membrane treatment, followed by additional blending 

with raw water from the secondary reservoir prior to conventional treatment. 

Additional system demands would be met by water from the secondary reservoir treated at the Jasper 

WTP. 

4.02 BLEND RATIO ACCOUNTING 

As noted above, the original DPR concept assumed blending raw surface water at least equal to the 

amount of permeate derived from the DPR source water. If Lake Kemp is used as the sole source of 

blend water, an equivalent blend would result from blending raw Kemp supply at least equal to the 

amount of DPR source water prior to membrane treatment. However, it is also appropriate to 

consider a combination of raw water supplies to meet the overall blending requirement. This will 

allow the City maximum flexibility to utilize sources in response to their current and projected 

availability while maintaining compliance with TCEQ authorization. 

The proposed combination blend calculation considers the share of RO permeate originating from the 

DPR source as a percentage of the total water produced. This approach considers the blending from  

brackish surface water prior to desalination, and blending from fresh surface water prior to 

conventional treatment. 
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The following example illustrates this approach: 

7.2 MGD of DPR source water is mixed with 5 MGD of raw water from Lake Kemp. At an overall MF/RO 

recovery of 67%, 8.17 MGD of permeate is produced. An additional 1.8 MGD of raw water from Lake 

Arrowhead is blended with the permeate before treatment through the 2010 conventional plant. The 

resulting DPR source percentage is calculated as follows and illustrated in Figure 3: 

 

Figure 3 – Illustration of Blend Ratio Calculation Example 

DPR % of permeate = DPR source flow (MGD) / (DPR source flow + Kemp raw flow) x 100% 

DPR share of permeate = DPR %  x Total permeate flow 

DPR % of total = DPR share of perm. (MGD) / (permeate flow + Arrowhead/Kickapoo raw flow) x 100% 

 

DPR % of permeate = 7.2 / (7.2 + 5) x 100% = 59.0% 

DPR share of permeate = 59% x 8.17 MGD = 4.82 MGD 

DPR % of total = 4.82 / (8.17 + 1.8) x 100% = 48.4 % 



Engineering Report for Integrated Desalination Treatment 
March 3, 2015 
Page 8 of 13 
 

4.03 DISINFECTION EVALUATION 

Disinfection goals will be similar to the existing DPR disinfection goals, except that Lake Kemp raw 

water will be disinfected with chlorine dioxide applied at the Headquarters Road pump station while 

DPR water will continue to be treated with chloramines applied at the River Road WRRF. As a 

conventional surface water source, the Lake Kemp raw water would not normally be subject to 

supplemental disinfection requirements, but after blending with the DPR source water, it will be 

subject to all subsequent disinfection zones, thus far exceeding conventional disinfection 

requirements. For simplicity, this section will focus on disinfection achieved through the path of the 

DPR source water. 

The following tables summarize the projected disinfection/inactivation provided through the 

proposed DPR treatment processes and disinfection zones. A new free chlorine zone is proposed for 

the permeate discharge line between the permeate storage tanks and the permeate storage lagoon 

to provide standby virus inactivation during lower temperature conditions. Figure 4 is taken from the 

current CT Study for the DPR facility, modified to illustrate the relationship of the additional 

disinfection zones and facilities. An updated CT Study reflecting the additional zone for each source 

(River Road WRRF and Lake Kemp/Headquarters Road) is attached to this report. 

 
Table 2 - Virus Inactivation Evaluation (9-log total inactivation required) 

 

 

Process Credit Basis CT Zone

Flow 

(MGD)

Conc. 

(mg/l)

log 

inactivation

Conc. 

(mg/l)

log 

inactivation

RR WRRF Source Pipeline Monochloramine D1 7.5 1 3.87 2.5 1.97

MF/RO Pretreatment Coagulation 15 0.5 0.5

MF/RO Clarifier Monochloramine D2 15 1 1.21 2.5 0.61

Microfiltration Physical Removal 15 2 2

Microfiltration Monochloramine D3 15 1 0.01 2.5 0.03

Reverse Osmosis Physical Removal 10 0 0

UV Disinfection UV Radiation 10 0 0

Permeate Pipeline Free Chlorine D4 (new) 10 0 0 1 1.43

2010 Coagulation/Clarification Physical Removal 10 0.5 0.5

2010 Filtration Physical Removal 10 2 2

2010 Process Units Chloramine D5 [ex. D4] 10 3.5 2.55 4 0.59

10 MG GST Chloramine D6 [ex. D5] 10 3.8 9.21 4 1.97

Chemical Disinfection Sub-Total 16.85 6.6

UV Disinfection Sub-Total 0 0

Physical Removal Sub-Total 5 5

TOTAL 21.85 11.6

30°C 7°C
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Table 3 - Giardia Inactivation Evaluation (8-log total inactivation required) 

 

 
Table 4 - Cryptosporidium Inactivation Evaluation (5.5-log total inactivation required) 

 

 

Process Credit Basis CT Zone

Flow 

(MGD)

Conc. 

(mg/l)

log 

inactivation

Conc. 

(mg/l)

log 

inactivation

RR WRRF Source Pipeline Monochloramine D1 7.5 1 1.4 2.5 1.33

MF/RO Pretreatment Coagulation 15 0.5 0.5

MF/RO Clarifier Monochloramine D2 15 1 0.44 2.5 0.42

Microfiltration Physical Removal 15 2.8 2

Microfiltration Monochloramine D3 15 1 0 2.5 0.02

Reverse Osmosis Physical Removal 10 0 0

UV Disinfection UV Radiation 10 3 3

Permeate Pipeline Free Chlorine D4 (new) 10 0 0 1 0.06

2010 Coagulation/Clarification Physical Removal 10 0.5 0.5

2010 Filtration Physical Removal 10 2 2

2010 Process Units Chloramine D5 [ex. D4] 10 3.5 0.92 4 0.4

10 MG GST Chloramine D6 [ex. D5] 10 3.8 3.33 4 1.34

Chemical Disinfection Sub-Total 6.09 3.51

UV Disinfection Sub-Total 3 3

Physical Removal Sub-Total 5.8 5

TOTAL 14.89 11.51

30°C 7°C

Process Credit Basis CT Zone

Flow 

(MGD)

Conc. 

(mg/l)

log 

inactivation

RR WRRF Source Pipeline Monochloramine D1 7.5 1 0

MF/RO Pretreatment Coagulation 15 0.5

MF/RO Clarifier Monochloramine D2 15 1 0

Microfiltration Physical Removal 15 2.8

Microfiltration Monochloramine D3 15 1 0

Reverse Osmosis Physical Removal 10 0

UV Disinfection UV Radiation 10 3

Permeate Pipeline Free Chlorine D4 (new) 10 0 0

2010 Coagulation/Clarification Physical Removal 10 0.5

2010 Filtration Physical Removal 10 2

2010 Ind. Filter Effluent Credit Physical Removal 10 1

2010 Process Units Chloramine D5 [ex. D4] 10 3.5 0

10 MG GST Chloramine D6 [ex. D5] 10 3.8 0

Chemical Disinfection Sub-Total 0

UV Disinfection Sub-Total 3

Physical Removal Sub-Total 6.8

TOTAL 9.8
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Figure 4 - Flow Schematic with Disinfection Zones 
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5.00 CONCEPTUAL IMPLEMENTATION PLAN 

5.01 STEP-WISE IMPLEMENTATION OF INITIAL INTEGRATION 

No major improvements are required to begin the initial integration plan. Lake Kemp raw water is 

already piped to the proposed flow path and no additional infrastructure is required. The 2008 

membrane facility was designed to treat water from Lake Kemp, and has been extensively proven and 

monitored treating effluent from the River Road WRRF. While adjustments to chemical feed and RO 

recovery rate are to be expected to optimize treatment of the blended water, the blended water 

quality is within the range for which the facility was designed. Final treatment through the 2010 

conventional plant will continue, initially with continued raw water blending, and phasing out the 

fresh blend water over time. Supplemental pumping will eventually be required to augment the 

existing Washwater Reclaim Pump Station, lifting water into the raw water splitter box as illustrated 

in Figure 4. Approximately 4 MGD of additional capacity is proposed, based on the 6 MGD design 

capacity of the existing station. 

A. Implementation Sequence 

1. Minimum Lake Kemp Flow. The minimum flow available from the Headquarters Road Pump 
Station (HRPS) is 3 MGD, which provides a reasonable starting flow for demonstration. Flow 
from the River Road WRRF will be reduced to approximately 3 MGD and the raw water valve 
on the Lake Kemp inlet will be opened. One pump at HRPS will be started up at 3 MGD, 
providing a raw water blend of approximately 50% reclaimed water. This 6 MGD of blended 
raw water will yield approximately 4 MGD of permeate to the backwash lagoon. Consistent 
with current practice, this will be blended in the line approaching the splitter box with an 
equal amount of raw water from the secondary reservoir. This mode of operation will be 
operated for one week to verify continued consistent operation of both the membrane and 
conventional processes, with particular attention to salinity, nitrate and turbidity 
performance. 

2. Ramp Up to 2010 Capacity. Following successful operation at minimum flow, flow from 
both the DPR source and Lake Kemp will be brought up to approximately the current flow of 
the MF/RO facility, about 3.75 MGD from each source. After stabilizing operation at this 
level, a sampling event will be scheduled to test for pathogens and other parameters of 
special concern as agreed between the City and TCEQ. Operation will remain in this mode 
for approximately an additional month to allow for receipt and review of test results. 

3. Taper Fresh Water Contribution. Following successful operation and testing at current flow 
and blending, the contribution from the Secondary Reservoir will be reduced in stages, 
allowing the Kemp water to substitute for the Arrowhead/Kickapoo supply to continue 
meeting the overall 50% dilution requirement. Following testing at 50% DPR, 50% Kemp, 
TCEQ approval of the full range of flow combinations will be sought, subject to the overall 
limitation of 50% total DPR as described in Section 4.02. 
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B. Proposed Testing Plan 

1. Minimum Lake Kemp Flow. Testing for the initial Lake Kemp/DPR blend will follow the 
existing DPR test protocol. Daily RO rejection rates will be compared to recent values to 
assess any variation in performance due to changed salinity conditions. A summary of RO 
rejection and finished water turbidity for the first 7 days of operation will be submitted to 
TCEQ prior to proceeding with increased production rates. 

2. Ramp Up to 2010 Capacity. A quarterly sampling event will be conducted after reaching 
consistent operation of the facility at a production of 5 MGD with approximately 50% 
contribution from Lake Kemp. Following receipt of results, a summary of results will be 
prepared and submitted to TCEQ prior to proceeding with final substitution of Lake Kemp 
water for all blending. 

3. Taper Fresh Water Contribution. Upon submission of Step 2 results, the membrane plant 
will be gradually ramped up to approach the nominal capacity of 10 MGD, limiting the DPR 
contribution to less than 50%. An additional quarterly sampling event will be conducted 
following achieving consistent operation at greater than 9 MGD permeate production. A 
summary of results will be prepared and submitted to TCEQ. 

5.02 PROPOSED CHANGES TO EXISTING DPR AUTHORIZATION 

Several requirements contained in the TCEQ authorization (final version dated August 5, 2014) will 

require modification to accommodate the proposed integrated desalination. Specific proposed 

language is included in Attachment A, but the modifications primarily concern the following items: 

A. Adjusted blend ratio calculation to account for blending credit from Lake Kemp flow 

B. Modification to isolation provisions at Lake Kemp pipeline connection and splitter box 

5.03 SUPPLEMENTAL PUMPING FROM PERMEATE LAGOON 

The Washwater Reclaim Pump Station (WRPS) is currently used to lift stored permeate from the 

membrane treatment facility into the raw water splitter box for subsequent conventional treatment. 

This pump station has not been tested to its full capacity, but is estimated to have a capacity of 6 

MGD, and has consistently pumped 5 MGD since the DPR operation began. Additional capacity is 

needed to allow full usage of the 10 MGD desalination capacity through the existing membrane plant. 

Two temporary pumps are proposed to provide the additional capacity. Each pump should have a 

nominal capacity of 1500 gpm to provide a total supplemental capacity of 3000 gpm. These pumps 

will be placed on a concrete slab on the south side of the lagoon and pump into the forebay of the 

splitter box to mix with discharge from the WRPS and any flow arriving from the Secondary Reservoir. 

Each pump will be a horizontal self-priming type, provided with a dedicated 12” HDPE suction line 

placed to access the pond contents to a depth of approximately five feet. Both pumps will discharge 

to a common 18” HDPE discharge line to convey water to the west end of the splitter box. An 
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ultrasonic transit time flow meter will be included to continuously monitor flow from the 

supplemental pumping. Plans and specifications for the proposed pump station are provided with this 

report. 

6.00 CONCLUSIONS 

Current water supply conditions in Wichita Falls warrant modification of the emergency direct potable 

reuse operation to allow blending of River Road WRRF effluent and Lake Kemp raw water to allow 

integrated desalination treatment of both sources to extend the City’s available fresh water supplies 

for the benefit of Wichita Falls as well as other users of Lakes Arrowhead and Kickapoo during the 

continuing drought conditions. Modest physical improvements will be required to fully utilize the 

existing desalination facilities at the Cypress Water Treatment Plant, as well as simple changes to the 

City’s current TCEQ authorization to operate the DPR facility. The overall blend ratio, conservative 

disinfection practices and other protections will continue in place to maintain the production of safe 

and excellent quality water from the Cypress Water Treatment Plant. Prioritized evaluation is sought 

to allow the City increased flexibility to manage limited water supplies through the remainder of the 

drought. 
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TCEQ - (05-01-13) CT STUDY

pipe (with a 27-inch inside diameter, I.D.) at a flow of 7.5 million gallons per day (MGD), and mixed with 7.5 
MGD of raw water from the Headquarters Rd Pump Station (Lake Kemp) prior to treatment in the MF/RO 
treatment facility, then sent to a raw water lagoon where 10 MG will then be treated through the conventional 
2010 CWTP.  The treatment process includes clarification prior to micro-filtration, reverse osmosis where 
the 10 MG permeate will be sent to a raw water lagoon, pumped back the the splitter basin and sent to the 
2010 CWTP.  The 2010 CWTP consists of a rapid mix basin, a 90 foot diameter (dia.) clarifier, a re-
carbonation basin, five multi-media gravity filters, a 0.20 million gallon (MG) clearwell and pump station and 
a 10.0-MG ground storage tank.  Total capacity through the 2010 CWTP is 10.0-MGD.

The treatment processes for the water from the RRWWTP must achieve a 5.5-log removal or inactivation of 
Cryptosporidium, a 6.0-log removal or inactivation of Giardia, and a 9.0-log removal or inactivation of viruses 
before water is distributed to the customers.  Based on the combination of treatment processes that will be 
used at the MF/RO facilities and 2010 CWTP, the disinfection process must be able to achieve a 2.0-log 
inactivation of Giardia and a 5.0-log inactivation of viruses before treated water enters the distribution 
system.

The proposed disinfection protocol involves the injection of chlorine (Cl2) and liquid ammonium sulfate at 
the RRWWTP chlorine contact basin to create "per-formed chloramines" as a disinfectant (i,e, not adding 
enough Cl2 to reach breakpoint) before being pumped to the CWTP through the 32-inch O.D. raw water pipe 
to.  In the micro-filtration clarifier, chlorine (Cl2) and liquid ammonium sulfate (LAS) are injected in the mix 
zone to form chloramines.  Chlorine (Cl2) and liquid ammonium sulfate are again added at the clarifier 
effluent to form chloramines through the micro-filtration trough and cells.  Sodium hypochlorite is added to 
create a free chlorine residual in the RO permeate piping to the lagoon. Once the reverse osmosis permeate 
is sent to the splitter basin, chlorine (Cl2) and liquid ammonia gas (NH4) are added in the splitter box and 
again just upstream of the CWTP's 0.20 MG clearwell and transfer pump station.  

Mono-chloramine residuals are monitored in the raw water vault, prior to the micro-filtration clarifier, in the 
mix zone of the clarifier, at the effluent collection box of the carifier, in the micro-filtration feed trough and cell 
filtrate.  Free chlorine residuals are monitored at the RO permeate lagoon influent.  Chloramine residuals 
are also monitored downstream of the five multi-media gravity filters, downstream of the 0.20 MG clearwell 
and transfer pump station and downstream of the 10 MG ground storage tank, prior to entering the 
distribution system.

The disinfection process with utilize five disinfection zones which are summarized as follows:
  D1:  32-inch O.D. HDPE raw water pipeline from the River Road WWTP to the Cypress WTP
  D2:  2008 SWTP's clarification unit at the MF/RO treatment facility
  D3:  2008 SWTP's MF treatment units and associated piping
  D4:  RO permeate piping to lagoon
  D5:  2010 SWTP's clarfier, recarbonation basin, filters, and associated piping
  D6:  2010 SWTP's 0.20-MG clearwell and Cypress 10-MG ground storage tank 

H1-1



Detailed narrative description of the plant treatment processes and disinfection protocol (cont)
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pipe (with a 27-inch inside diameter, I.D.) at a flow of 7.5 million gallons per day (MGD), and mixed with 7.5 
MGD of raw water from the Headquarters Rd Pump Station (Lake Kemp) prior to treatment in the MF/RO 
treatment facility, then sent to a raw water lagoon where 10 MG will then be treated through the conventional 
2010 CWTP.  The treatment process includes clarification prior to micro-filtration, reverse osmosis where 
the 10 MG permeate will be sent to a raw water lagoon, pumped back the the splitter basin and sent to the 
2010 CWTP.  The 2010 CWTP consists of a rapid mix basin, a 90 foot diameter (dia.) clarifier, a re-
carbonation basin, five multi-media gravity filters, a 0.20 million gallon (MG) clearwell and pump station and 
a 10.0-MG ground storage tank.  Total capacity through the 2010 CWTP is 10.0-MGD.

The treatment processes for the water from the RRWWTP must achieve a 5.5-log removal or inactivation of 
Cryptosporidium, a 6.0-log removal or inactivation of Giardia, and a 9.0-log removal or inactivation of viruses 
before water is distributed to the customers.  Based on the combination of treatment processes that will be 
used at the MF/RO facilities and 2010 CWTP, the disinfection process must be able to achieve a 2.0-log 
inactivation of Giardia and a 5.0-log inactivation of viruses before treated water enters the distribution 
system.

The proposed disinfection protocol involves the injection of chlorine (Cl2) and liquid ammonium sulfate at 
the RRWWTP chlorine contact basin to create "per-formed chloramines" as a disinfectant (i,e, not adding 
enough Cl2 to reach breakpoint) before being pumped to the CWTP through the 32-inch O.D. raw water pipe 
to.  In the micro-filtration clarifier, chlorine (Cl2) and liquid ammonium sulfate (LAS) are injected in the mix 
zone to form chloramines.  Chlorine (Cl2) and liquid ammonium sulfate are again added at the clarifier 
effluent to form chloramines through the micro-filtration trough and cells.  Sodium hypochlorite is added to 
create a free chlorine residual in the RO permeate piping to the lagoon. Once the reverse osmosis permeate 
is sent to the splitter basin, chlorine (Cl2) and liquid ammonia gas (NH4) are added in the splitter box and 
again just upstream of the CWTP's 0.20 MG clearwell and transfer pump station.  

Mono-chloramine residuals are monitored in the raw water vault, prior to the micro-filtration clarifier, in the 
mix zone of the clarifier, at the effluent collection box of the carifier, in the micro-filtration feed trough and cell 
filtrate.  Free chlorine residuals are monitored at the RO permeate lagoon influent.  Chloramine residuals 
are also monitored downstream of the five multi-media gravity filters, downstream of the 0.20 MG clearwell 
and transfer pump station and downstream of the 10 MG ground storage tank, prior to entering the 
distribution system.

The disinfection process with utilize five disinfection zones which are summarized as follows:
  D1:  32-inch O.D. HDPE raw water pipeline from the River Road WWTP to the Cypress WTP
  D2:  2008 SWTP's clarification unit at the MF/RO treatment facility
  D3:  2008 SWTP's MF treatment units and associated piping
  D4:  RO permeate piping to lagoon
  D5:  2010 SWTP's clarfier, recarbonation basin, filters, and associated piping
  D6:  2010 SWTP's 0.20-MG clearwell and Cypress 10-MG ground storage tank 
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
Schematic Worksheet

PUBLIC WATER PLANT NAME
SYSTEM NAME: City of Wichita Falls Reuse Project OR NUMBER: RRWWTP to Cypress through MF/RO/Conventional

PWS ID No.: 2430001 Date:

Use this worksheet to create your plant schematic with the Microsoft Drawing Tools.
If you are not familiar with the drawing tools, you may create your schematic using any other suitable medium.
Please refer to Section 3.3 of the Guidance Manual for instructions and guidance.
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet

Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
T10 Details Worksheet

PUBLIC WATER
SYSTEM NAME: City of Wichita Falls Reuse Project PWS ID No.: 2430001

PLANT NAME
OR NUMBER: RRWWTP to Cypress through MF/RO/Conventional Date:

Treatment Plant Capacity 10.000   mgd
6,944   gpm

Disinfection Zone: D1 Disinfectant: Chloramines

Unit - 1 Type: Piping Shape: Pipe

Further Description: 13 Mile Pipe from RRWWTP to Cypress WTP

Characteristic Comments
Number of Units 1 Pipe from RRWWTP to CWTP

Diameter 27   in
32" O.D. HDPE with a 27" I.D. per K. Maroney

8/29/2013 email
Length 62500   ft 8/15/2013 email

Volume (each) 1,859,189   gal
Flow Rate (each) 5,208   gpm 7.5 MGD Flow
Detention Time 357.0   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 357.0   min

D1 FLOW RATE 7.500   mgd

T10 SUM FOR D1 357.0   min

Disinfection Zone: D2 Disinfectant: Chloramines

Unit - 1 Type: Clarifier Shape: Circular

Further Description: MF/RO Flocc-Clarifier

Characteristic Comments

The peak flow rate through the MF/RO facilities will be 10
MGD. There is the potential that 100% of the water being
treated through the 2010 Conventional Plant will be from
the MF/RO Plant.
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Number of Units 1

Diameter 155   ft

Based on two engineer drawings for the clarifier
structure (the CH2MHill DWG 4A-S-2, dated

2002 and the USFilter DWG 40507-101, dated
2004)

Side Water Depth 25.3   ft       "              "                  "
Center Water Depth 31.76   ft       "              "                  "

Volume (each) 3,875,583   gal
Flow Rate (each) 10,417   gpm 15 MGD Flow
Detention Time 372.0   min

Baffling Factor 0.3

Based on a concentric cylindrical baffle wall with
a diameter of approximately 50 ft that extends 10
ft into the basin and settled water launder along

the perimeter of the basin
Baffling Characteristics:  Poor

Approved Baffling Factor:  
T10 111.6   min

D2 FLOW RATE 15.000   mgd

T10 SUM FOR D2 111.6   min

Disinfection Zone: D3 Disinfectant: Chloramines

Unit - 1 Type: Piping Shape: Pipe

Further Description: 36 Inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Clarifier to Micro-filtation Trough
Diameter 36   in 8/15/2013
Length 250   ft 8/15/2013

Volume (each) 13,221   gal
Flow Rate (each) 10,417   gpm 15 MGD Flow
Detention Time 1.3   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 1.3   min

Unit - 2 Type: Other Shape: Rectangular

Further Description: Micro-filtration Trough

Characteristic Comments
Number of Units 1
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet

Length 25.16   ft

Based on CH2MHill DWG 4-S-10 dated 2002,
and the length of the channel from the inlet to the

center of the first pair of filter cells
Width 11   ft Based on DWG 4-S-10

Side Water Depth 2.66   ft
Based on CH2MHill DWG 4-S-10 and

DWG 4-S-11, both dated 2002

Volume (each) 5,508   gal
Flow Rate (each) 10,417   gpm 15 MGD Flow
Detention Time 0.5   min

Baffling Factor 0.1
Baffling Characteristics:  Unbaffled

Approved Baffling Factor:  
T10 0.1   min

Unit - 3 Type: Other Shape: Other

Further Description: Micro-filtration Cells

Characteristic Comments

Number of Units 1

The flow rate through each individual MF tank
must be monitored and the highest flow rate

entered on the Calculator Worksheet.

Volume (each) 9,557   gal
Based on CH2MHill DWG 4-S-10 and

DWG 4-S-11, both dated 2002

Volume (each) 9,557   gal

Flow Rate (each) 2,060   gpm

Based on 504 modules with a total surface area
of 334.9 ft2 per module and an approved flux rate

of 19.6 gfd.
Detention Time 4.6   min

Baffling Factor 0.7
Based on the configuration of the filter cell and

the submerged membrane units
Baffling Characteristics:  Superior

Approved Baffling Factor:  
T10 3.2   min

D3 FLOW RATE 2.966   mgd

T10 SUM FOR D3 4.6   min

Disinfection Zone: D4 Disinfectant: Free Chlorine

Unit - 1 Type: Piping Shape: Pipe

Further Description: Permeate piping through UV disinfection area

Characteristic Comments
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Number of Units 1
Diameter 24   in
Length 104   ft

Volume (each) 2,444   gal
Flow Rate (each) 6,945   gpm
Detention Time 0.4   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.4   min

Unit - 2 Type: Piping Shape: Pipe

Further Description: Permeate piping through meter vault

Characteristic Comments
Number of Units 1
Diameter 20   in
Length 32   ft

Volume (each) 522   gal
Flow Rate (each) 6,945   gpm
Detention Time 0.1   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.1   min

Unit - 3 Type: Piping Shape: Pipe

Further Description: Permeate piping to diversion point

Characteristic Comments
Number of Units 1
Diameter 36   in
Length 114   ft

Volume (each) 6,029   gal
Flow Rate (each) 6,945   gpm
Detention Time 0.9   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.9   min

Unit - 4 Type: Piping Shape: Pipe

Further Description: HDPE Diversion to Lagoon

Characteristic Comments
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Number of Units 1
Diameter 24   in
Length 320   ft

Volume (each) 7,521   gal
Flow Rate (each) 6,945   gpm
Detention Time 1.1   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 1.1   min

D4 FLOW RATE 10.001   mgd

T10 SUM FOR D4 2.4   min

Disinfection Zone: D5 Disinfectant: Chloramines

Unit - 1 Type: Piping Shape: Pipe

Further Description: 36 Inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Splitter Box to Rapid Mix
Diameter 36   in As per CT Submittal Dated April 4, 2011
Length 220   ft As per CT Submittal Dated April 4, 2011

Volume (each) 11,634   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 1.7   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 1.7   min

Unit - 2 Type: Rapid Mix Shape: Rectangular

Further Description: Rapid Mix Basin

Characteristic Comments
Number of Units 1
Length 27   ft As per CT Submittal Dated April 4, 2011
Width 6   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 4   ft As per CT Submittal Dated April 4, 2011

Volume (each) 4,848   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 0.7   min
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet

Baffling Factor 0.1 Typical Baffling Factor for an "Unbaffled" Basin
Baffling Characteristics:  Unbaffled

Approved Baffling Factor:  
T10 0.1   min

Unit - 3 Type: Piping Shape: Pipe

Further Description: 30 Inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Rapid Mix to Clarifier
Diameter 30   in As per CT Submittal Dated April 4, 2011
Length 85   ft As per CT Submittal Dated April 4, 2011

Volume (each) 3,122   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 0.4   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.4   min

Unit - 4 Type: Clarifier Shape: Circular

Further Description: Clarifier

Characteristic Comments
Number of Units 1
Diameter 90   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 18.9   ft As per CT Submittal Dated April 4, 2011
Center Water Depth 20.6   ft As per CT Submittal Dated April 4, 2011

Volume (each) 926,521   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 133.4   min

Baffling Factor 0.3 Typical Baffling Factor for Clarifiers
Baffling Characteristics:  Poor

Approved Baffling Factor:  
T10 40.0   min

Unit - 5 Type: Other Shape: Rectangular

Further Description: Recarbonation Basin

Characteristic Comments
Number of Units 1
Length 45.5   ft As per CT Submittal Dated April 4, 2011
Width 32   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 16.8   ft As per CT Submittal Dated April 4, 2011
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Volume (each) 183,003   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 26.4   min

Baffling Factor 0.5
Typical Baffling Factor for Basins with 4 Internal

Baffles and Length to Width (40:1)
Baffling Characteristics:  Average

Approved Baffling Factor:  
T10 13.2   min

Unit - 6 Type: Filter Shape: Rectangular

Further Description: Gravity Filters

Characteristic Comments
Number of Units 4
Length 24   ft As per CT Submittal Dated April 4, 2011
Width 15   ft As per CT Submittal Dated April 4, 2011
Media Depth 6   ft As per CT Submittal Dated April 4, 2011
Underdrain Depth 1   ft As per CT Submittal Dated April 4, 2011
Minimum Water Depth Over Media 6.8   ft As per CT Submittal Dated April 4, 2011
Average Porosity 50   %

Volume (each) 29,088   gal

Flow Rate (each) 1,736   gpm

10 MGD Flow Divided Equally Between Four
Filters (Filters Rated at 2.5 MGD Flow Each).

Four filters must always be operated together at
equal flow rates.

Detention Time 16.8   min

Baffling Factor 0.7 Typical Baffling Factor for Filters
Baffling Characteristics:  Superior

Approved Baffling Factor:  
T10 11.7   min

D5 FLOW RATE 9.999   mgd

T10 SUM FOR D5 67.1   min

Disinfection Zone: D6 Disinfectant: Chloramines

Unit - 1 Type: Clearwell Shape: Rectangular

Further Description: Clearwell/Transfer Pump Station

Characteristic Comments
Number of Units 1
Length 98.4   ft As per CT Submittal Dated April 4, 2011
Width 26   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 11.3   ft As per CT Submittal Dated April 4, 2011
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Maximum Volume (each) 216,290   gal
Minimum Operating Level 5.7   ft
Worst Case Volume (each) 109,102   gal

Percent of Maximum Volume 50   %
Based on the clearwell's minimum operating

level, i.e., 50% of Total Volume

Worst Case Volume (each) 109,102   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 15.7   min

Baffling Factor 0.5
Typical Baffling Factor for Basins with Two

Internal Baffles Lenth to Width (30:1)
Baffling Characteristics:  Average

Approved Baffling Factor:  
T10 7.9   min

Unit - 2 Type: Clearwell Shape: Circular

Further Description: 10 MG Ground Storage Tank

Characteristic Comments
Number of Units 1
Diameter 206   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 40   ft As per CT Submittal Dated April 4, 2011
Center Water Depth 40   ft As per CT Submittal Dated April 4, 2011
Maximum Volume (each) 9,974,083   gal

Minimum Operating Level 20   ft
Assumes a "Worst Case" operating level that is

50% of the maximum water depth
Worst Case Volume (each) 4,987,042   gal
Percent of Maximum Volume 50   %

Worst Case Volume (each) 4,987,042   gal

Flow Rate (each) 6,944   gpm

100%  of 10 MGD Max at Cypress.  All water
produced will pass through the 10 MG GST for

the DPR full scale operation.
Detention Time 718.1   min

Baffling Factor 0.3
Typical Baffling Factor for Basins Having 2 Inlets,

1 Outlet and 3 Interior Baffles
Baffling Characteristics:  Poor

Approved Baffling Factor:  
T10 215.4   min

D6 FLOW RATE 10.000   mgd

T10 SUM FOR D6 223.3   min

Disinfection Zone: D7 Disinfectant:

Disinfection Zone: D8 Disinfectant:

Disinfection Zone: D9 Disinfectant:
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet

Disinfection Zone: D10 Disinfectant:
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
Summary Worksheet

PUBLIC WATER
SYSTEM NAME: City of Wichita Falls Reuse Project PWS ID No.: 2430001

PLANT NAME
OR NUMBER: RRWWTP to Cypress through MF/RO/Conventional Date:

Disinfection
Zone Treatment Unit

Volume* Flow Rate*
Baffling
Factor*

T10*
(each) (each) (min)
(gal) (MGD) Unit Zone

D1 13 Mile Pipe from RRWWTP to Cypress WTP (1) 1,859,189 7.500 1 356.964 356.96
D2 MF/RO Flocc-Clarifier (1) 3,875,583 15.000 0.3 111.613 111.61

D3
36 Inch Raw Water Pipe (1) 13,221 15.000 1 1.269

4.57Micro-filtration Trough (1) 5,508 15.000 0.1 0.053
Micro-filtration Cells (1) 9,557 2.966 0.7 3.247

D4

Permeate piping through UV disinfection area (1) 2,444 10.001 1 0.352

2.38Permeate piping through meter vault (1) 522 10.001 1 0.075
Permeate piping to diversion point (1) 6,029 10.001 1 0.868

HDPE Diversion to Lagoon (1) 7,521 10.001 1 1.083

D5

36 Inch Raw Water Pipe (1) 11,634 9.999 1 1.675

67.13

Rapid Mix Basin (1) 4,848 9.999 0.1 0.070
30 Inch Raw Water Pipe (1) 3,122 9.999 1 0.450

Clarifier (1) 926,521 9.999 0.3 40.028
Recarbonation Basin (1) 183,003 9.999 0.5 13.177

Gravity Filters (4) 29,088 2.500 0.7 11.728

D6
Clearwell/Transfer Pump Station (1) 109,102 10.000 0.5 7.855

223.30
10 MG Ground Storage Tank (1) 4,987,042 10.000 0.3 215.440

* These values are calculated on the T10 Details Sheet

TCEQ - (05-01-13) CT STUDY
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
CT Calculator Worksheet

PUBLIC WATER PLANT NAME
SYSTEM NAME: City of Wichita Falls Reuse Project OR NUMBER: RRWWTP to Cypress through MF/RO/Conventional

PWS ID No.: 2430001 Date:

DISINFECTION PROCESS PARAMETERS

APPROVED CT STUDY PARAMETERS PERFORMANCE STANDARDS

Parameters
Disinfection Zones Log Inactivations

D1 D2 D3 D4 D5 Giardia lamblia Cysts Viruses
   Flow Rate (MGD) 7.500 15.000 2.966 10.001 9.999 2.0 5.0
   T10 (minutes) 357.0 111.6 4.6 2.4 67.1

DISINFECTION PROCESS DATA

INDIVIDUAL DISINFECTION ZONES PLANT TOTAL
C Flow Temp Giardia Virus Giardia Virus Giardia Virus Inact.

Disinfectant (mg/L) (MGD) (oC) pH CTCALC CTREQD CTREQD Log Log Log Log Ratio
CLA D1 2.5 7.500 7.0 7.0 892.4 1338.0 2269.1 1.33 1.97
CLA D2 2.5 15.000 7.0 7.0 279.0 1338.0 2269.1 0.42 0.61
CLA D3 2.5 2.966 7.0 7.0 11.4 1338.0 2269.1 0.02 0.03 3.56 6.59 1.32
FCL D4 1.0 10.000 7.0 7.0 2.4 86.5 8.3 0.06 1.43 (V)
CLA D5 4.0 10.000 7.0 9.4 268.5 1338.0 2269.1 0.40 0.59

 Certificate No.
SUBMITTED BY:  and Grade:  Date:

TCEQ - (05-01-13) CT STUDY
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DISINFECTION PROCESS PARAMETERS

APPROVED CT STUDY PARAMETERS PERFORMANCE STANDARDS

Parameters
Disinfection Zones Log Inactivations

D6 D7 D8 D9 D10 Giardia lamblia Cysts Viruses
   Flow Rate (MGD) 10.000 2.0 5.0
   T10 (minutes) 223.3

DISINFECTION PROCESS DATA

INDIVIDUAL DISINFECTION ZONES PLANT TOTAL
C Flow Temp Giardia Virus Giardia Virus Giardia Virus Inact.

Disinfectant (mg/L) (MGD) (oC) pH CTCALC CTREQD CTREQD Log Log Log Log Ratio
CLA D6 4.0 10.000 7.0 8.8 893.2 1338.0 2269.1 1.34 1.97

D7
D8 SEE PAGE 1
D9
D10

 Certificate No.
SUBMITTED BY:  and Grade:  Date:

TCEQ - (05-01-13) CT STUDY

Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
CT Calculator Worksheet

PUBLIC WATER PLANT NAME
SYSTEM NAME: City of Wichita Falls Reuse Project OR NUMBER: RRWWTP to Cypress through MF/RO/Conventional

PWS ID No.: 2430001 Date:

H1-12



Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
Description Worksheet

PUBLIC WATER
SYSTEM NAME: City of Wichita Falls Reuse Project PWS ID No.: 2430001

PLANT NAME Month:
OR NUMBER: HQ Rd to Cypress through MF/RO/Conventional Day:

Year:
Enter a detailed narrative description of the plant treatment processes and disinfection protocol. 
Asdfndnasdlsdn
asd  sd;klsd
as;dlk fjkal;sdjfa
s;dljkfas;dljfk
;asdf a
sdflsd;asdfjf sadf
sd fasl dfjksadlff
sadf sd fl sd;flkj
as sdf ;asdlk jfsdf
sa  sdfj
as;dlkfjas; d a sd;
asldkfja;sldjsa
asf asd;flksjdfj;
asdlkj ;a

  Submitted by:
  Contact
  Information:

TCEQ - (05-01-13) CT STUDY

The City of Wichita Falls Cypress Water Treatment Plant (CWF CWTP) Temporary Reuse Project will 
combine the use of the Micro-filtration/Reverse Osmosis (MF/RO) treatment facilities with the conventional 
2010 CWTP.  This CT study takes into account the treated water pumped from the Headquarters Road Pump 
Station (HQ Rd PS) to the CWTP through a 42-inch diameter raw water pipe at a flow of 7.5 million gallons 
per day (MGD), where it will then be mixed with 7.5 million gallons per day of River Road treated wastewater 
effluent and treated through the MF/RO treatment facility, piped to a raw water lagoon and treated through the 
conventional 2010 CWTP.  The treatment process includes clarification prior to micro-filtration, reverse 
osmosis where the 10 MG permeate will be sent to a raw water lagoon, pumped back the the splitter basin 
and sent to the 2010 CWTP.  The 2010 CWTP consists of a rapid mix basin, a 90 foot diameter (dia.) clarifier, 
a re-carbonation basin, five multi-media gravity filters, a 0.20 million gallon (MG) clearwell and pump station 
and a 10.0-MG ground storage tank.  Total capacity through the 2010 CWTP is 10.0-MGD.

The treatment processes for the water from the HQ Rd PS must achieve a 0.5-log removal or inactivation of 
Giardia, and a 2.0-log removal or inactivation of viruses before water is distributed to the customers.  

The proposed disinfection protocol involves the injection of chlorine dioxide (ClO2) at the HQ Rd PS before 
being pumped to the CWTP through the 42-inch raw water pipe.  In the micro-filtration clarifier, chlorine (Cl2) 
and liquid ammonium sulfate (LAS) are injected in the mix zone to form chloramines.  Chlorine (Cl2) and 
liquid ammonium sulfate are again added at the clarifier effluent to form chloramines through the micro-
filtration trough and cells.  Sodium hypochlorite is added to the reverse osmosis permeate to form a free 
chlorine residual through the RO permeate piping to the lagoon.  Once the reverse osmosis permeate is 
sent to the splitter basin, chlorine (Cl2) and liquid ammonia gas (NH4) are added in the splitter box and 
again just upstream of the CWTP's 0.20 MG clearwell and transfer pump station.  

Chlorine dioxide residuals are monitored in the raw water vault, prior to the micro-filtration clarifier, mono-
chlormamine residuals are monitored in the mix zone of the clarifier, at the effluent collection box of the 
carifier, in the micro-filtration feed trough and cell filtrate.  Free chlorine residuals are monitored at the RO 
permeate lagoon influent.  Chloramine residuals are monitored downstream of the five multi-media gravity 
filters, downstream of the 0.20 MG clearwell and transfer pump station and downstream of the 10 MG ground 
storage tank, prior to entering the distribution system.

The disinfection process with utilize five disinfection zones which are summarized as follows:
  D1:  42-inch raw water pipeline from the HQ Rd PS to the Cypress WTP
  D2:  2008 SWTP's clarification unit at the MF/RO treatment facility
  D3:  2008 SWTP's MF treatment units and associated piping
  D4:  RO permeate piping to lagoon
  D5:  2010 SWTP's clarfier, recarbonation basin, filters, and associated piping
  D6:  2010 SWTP's 0.20-MG clearwell and Cypress 10-MG ground storage tank 
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Detailed narrative description of the plant treatment processes and disinfection protocol (cont)

TCEQ - (05-01-13) CT STUDY

The City of Wichita Falls Cypress Water Treatment Plant (CWF CWTP) Temporary Reuse Project will 
combine the use of the Micro-filtration/Reverse Osmosis (MF/RO) treatment facilities with the conventional 
2010 CWTP.  This CT study takes into account the treated water pumped from the Headquarters Road Pump 
Station (HQ Rd PS) to the CWTP through a 42-inch diameter raw water pipe at a flow of 7.5 million gallons 
per day (MGD), where it will then be mixed with 7.5 million gallons per day of River Road treated wastewater 
effluent and treated through the MF/RO treatment facility, piped to a raw water lagoon and treated through the 
conventional 2010 CWTP.  The treatment process includes clarification prior to micro-filtration, reverse 
osmosis where the 10 MG permeate will be sent to a raw water lagoon, pumped back the the splitter basin 
and sent to the 2010 CWTP.  The 2010 CWTP consists of a rapid mix basin, a 90 foot diameter (dia.) clarifier, 
a re-carbonation basin, five multi-media gravity filters, a 0.20 million gallon (MG) clearwell and pump station 
and a 10.0-MG ground storage tank.  Total capacity through the 2010 CWTP is 10.0-MGD.

The treatment processes for the water from the HQ Rd PS must achieve a 0.5-log removal or inactivation of 
Giardia, and a 2.0-log removal or inactivation of viruses before water is distributed to the customers.  

The proposed disinfection protocol involves the injection of chlorine dioxide (ClO2) at the HQ Rd PS before 
being pumped to the CWTP through the 42-inch raw water pipe.  In the micro-filtration clarifier, chlorine (Cl2) 
and liquid ammonium sulfate (LAS) are injected in the mix zone to form chloramines.  Chlorine (Cl2) and 
liquid ammonium sulfate are again added at the clarifier effluent to form chloramines through the micro-
filtration trough and cells.  Sodium hypochlorite is added to the reverse osmosis permeate to form a free 
chlorine residual through the RO permeate piping to the lagoon.  Once the reverse osmosis permeate is 
sent to the splitter basin, chlorine (Cl2) and liquid ammonia gas (NH4) are added in the splitter box and 
again just upstream of the CWTP's 0.20 MG clearwell and transfer pump station.  

Chlorine dioxide residuals are monitored in the raw water vault, prior to the micro-filtration clarifier, mono-
chlormamine residuals are monitored in the mix zone of the clarifier, at the effluent collection box of the 
carifier, in the micro-filtration feed trough and cell filtrate.  Free chlorine residuals are monitored at the RO 
permeate lagoon influent.  Chloramine residuals are monitored downstream of the five multi-media gravity 
filters, downstream of the 0.20 MG clearwell and transfer pump station and downstream of the 10 MG ground 
storage tank, prior to entering the distribution system.

The disinfection process with utilize five disinfection zones which are summarized as follows:
  D1:  42-inch raw water pipeline from the HQ Rd PS to the Cypress WTP
  D2:  2008 SWTP's clarification unit at the MF/RO treatment facility
  D3:  2008 SWTP's MF treatment units and associated piping
  D4:  RO permeate piping to lagoon
  D5:  2010 SWTP's clarfier, recarbonation basin, filters, and associated piping
  D6:  2010 SWTP's 0.20-MG clearwell and Cypress 10-MG ground storage tank 

H1-1



Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
Schematic Worksheet

PUBLIC WATER PLANT NAME
SYSTEM NAME: City of Wichita Falls Reuse Project OR NUMBER: HQ Rd to Cypress through MF/RO/Conventional

PWS ID No.: 2430001 Date:

Use this worksheet to create your plant schematic with the Microsoft Drawing Tools.
If you are not familiar with the drawing tools, you may create your schematic using any other suitable medium.
Please refer to Section 3.3 of the Guidance Manual for instructions and guidance.
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet

Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
T10 Details Worksheet

PUBLIC WATER
SYSTEM NAME: City of Wichita Falls Reuse Project PWS ID No.: 2430001

PLANT NAME
OR NUMBER: HQ Rd to Cypress through MF/RO/Conventional Date:

Treatment Plant Capacity 10.000   mgd
6,944   gpm

Disinfection Zone: D1A Disinfectant: Chlorine Dioxide

Unit - 1 Type: Piping Shape: Pipe

Further Description: 42-inch Raw Water Pipe

Characteristic Comments
Number of Units 1 First Sampling Location
Diameter 42   in As per CT Submittal Dated April 4, 2011
Length 85   ft As per CT Submittal Dated April 4, 2011

Volume (each) 6,118   gal
Flow Rate (each) 5,208   gpm 7.5 MGD Flow
Detention Time 1.2   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 1.2   min

D1A FLOW RATE 7.500   mgd

T10 SUM FOR D1A 1.2   min

Disinfection Zone: D1B Disinfectant: Chlorine Dioxide

Unit - 1 Type: Piping Shape: Pipe

Further Description: 42-inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Second Sampling Location

The peak flow rate through the MF/RO facilities will be 10
MGD. There is the potential that 100% of the water being
treated through the 2010 Conventional Plant will be from
the MF/RO Plant.

H1-3



Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Diameter 42   in As per CT Submittal Dated April 4, 2011
Length 2225   ft As per CT Submittal Dated April 4, 2011

Volume (each) 160,157   gal
Flow Rate (each) 5,208   gpm 7.5 MGD Flow
Detention Time 30.8   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 30.8   min

D1B FLOW RATE 7.500   mgd

T10 SUM FOR D1B 30.8   min

Disinfection Zone: D1C Disinfectant: Chlorine Dioxide

Unit - 1 Type: Piping Shape: Pipe

Further Description: 42-inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Third Sampling Location
Diameter 42   in As per CT Submittal Dated April 4, 2011
Length 9722   ft As per CT Submittal Dated April 4, 2011

Volume (each) 699,794   gal
Flow Rate (each) 5,208   gpm 7.5 MGD Flow
Detention Time 134.4   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 134.4   min

D1C FLOW RATE 7.500   mgd

T10 SUM FOR D1C 134.4   min

Disinfection Zone: D2 Disinfectant: Chloramines

Unit - 1 Type: Clarifier Shape: Circular

Further Description: MF/RO Flocc-Clarifier
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Characteristic Comments
Number of Units 1

Diameter 155   ft

Based on two engineer drawings for the clarifier
structure (the CH2MHill DWG 4A-S-2, dated

2002 and the USFilter DWG 40507-101, dated
2004)

Side Water Depth 25.3   ft       "              "                  "
Center Water Depth 31.76   ft       "              "                  "

Volume (each) 3,875,583   gal
Flow Rate (each) 10,417   gpm 15 MGD Flow
Detention Time 372.0   min

Baffling Factor 0.3

Based on a concentric cylindrical baffle wall with
a diameter of approximately 50 ft that extends 10
ft into the basin and settled water launder along

the perimeter of the basin
Baffling Characteristics:  Poor

Approved Baffling Factor:  
T10 111.6   min

D2 FLOW RATE 15.000   mgd

T10 SUM FOR D2 111.6   min

Disinfection Zone: D3 Disinfectant: Chloramines

Unit - 1 Type: Piping Shape: Pipe

Further Description: 36 Inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Clarifier to Micro-filtation Trough
Diameter 36   in 41501
Length 250   ft 41501

Volume (each) 13,221   gal
Flow Rate (each) 10,417   gpm 15 MGD Flow
Detention Time 1.3   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 1.3   min

Unit - 2 Type: Other Shape: Rectangular

Further Description: Micro-filtration Trough

Characteristic Comments
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Number of Units 1

Length 25.16   ft

Based on CH2MHill DWG 4-S-10 dated 2002,
and the length of the channel from the inlet to the

center of the first pair of filter cells
Width 11   ft Based on DWG 4-S-10

Side Water Depth 2.66   ft
Based on CH2MHill DWG 4-S-10 and

DWG 4-S-11, both dated 2002

Volume (each) 5,508   gal
Flow Rate (each) 10,417   gpm 15 MGD Flow
Detention Time 0.5   min

Baffling Factor 0.1
Baffling Characteristics:  Unbaffled

Approved Baffling Factor:  
T10 0.1   min

Unit - 3 Type: Other Shape: Other

Further Description: Micro-filtration Cells

Characteristic Comments

Number of Units 1

The flow rate through each individual MF tank
must be monitored and the highest flow rate

entered on the Calculator Worksheet.

Volume (each) 9,557   gal
Based on CH2MHill DWG 4-S-10 and

DWG 4-S-11, both dated 2002

Volume (each) 9,557   gal

Flow Rate (each) 2,060   gpm

Based on 504 modules with a total surface area
of 334.9 ft2 per module and an approved flux rate

of 19.6 gfd.
Detention Time 4.6   min

Baffling Factor 0.7
Based on the configuration of the filter cell and

the submerged membrane units
Baffling Characteristics:  Superior

Approved Baffling Factor:  
T10 3.2   min

D3 FLOW RATE 2.966   mgd

T10 SUM FOR D3 4.6   min

Disinfection Zone: D4 Disinfectant: Free Chlorine

Unit - 1 Type: Piping Shape: Pipe

Further Description: Permeate piping through UV disinfection area
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Characteristic Comments
Number of Units 1
Diameter 24   in
Length 104   ft

Volume (each) 2,444   gal
Flow Rate (each) 6,945   gpm
Detention Time 0.4   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.4   min

Unit - 2 Type: Piping Shape: Pipe

Further Description: Permeate piping through meter vault

Characteristic Comments
Number of Units 1
Diameter 20   in
Length 32   ft

Volume (each) 522   gal
Flow Rate (each) 6,945   gpm
Detention Time 0.1   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.1   min

Unit - 3 Type: Piping Shape: Pipe

Further Description: Permeate piping to diversion point

Characteristic Comments
Number of Units 1
Diameter 36   in
Length 114   ft

Volume (each) 6,029   gal
Flow Rate (each) 6,945   gpm
Detention Time 0.9   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.9   min

Unit - 4 Type: Piping Shape: Pipe

Further Description: HDPE Diversion to Lagoon
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Characteristic Comments
Number of Units 1
Diameter 24   in
Length 320   ft

Volume (each) 7,521   gal
Flow Rate (each) 6,945   gpm
Detention Time 1.1   min

Baffling Factor 1.0
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 1.1   min

D4 FLOW RATE 10.001   mgd

T10 SUM FOR D4 2.4   min

Disinfection Zone: D5 Disinfectant: Chloramines

Unit - 1 Type: Piping Shape: Pipe

Further Description: 36 Inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Splitter Box to Rapid Mix
Diameter 36   in As per CT Submittal Dated April 4, 2011
Length 220   ft As per CT Submittal Dated April 4, 2011

Volume (each) 11,634   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 1.7   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 1.7   min

Unit - 2 Type: Rapid Mix Shape: Rectangular

Further Description: Rapid Mix Basin

Characteristic Comments
Number of Units 1
Length 27   ft As per CT Submittal Dated April 4, 2011
Width 6   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 4   ft As per CT Submittal Dated April 4, 2011

Volume (each) 4,848   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Detention Time 0.7   min

Baffling Factor 0.1 Typical Baffling Factor for an "Unbaffled" Basin
Baffling Characteristics:  Unbaffled

Approved Baffling Factor:  
T10 0.1   min

Unit - 3 Type: Piping Shape: Pipe

Further Description: 30 Inch Raw Water Pipe

Characteristic Comments
Number of Units 1 Rapid Mix to Clarifier
Diameter 30   in As per CT Submittal Dated April 4, 2011
Length 85   ft As per CT Submittal Dated April 4, 2011

Volume (each) 3,122   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 0.4   min

Baffling Factor 1.0 Typical Baffling Factor for Pipe
Baffling Characteristics:  Perfect

Approved Baffling Factor:  
T10 0.4   min

Unit - 4 Type: Clarifier Shape: Circular

Further Description: Clarifier

Characteristic Comments
Number of Units 1
Diameter 90   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 18.9   ft As per CT Submittal Dated April 4, 2011
Center Water Depth 20.6   ft As per CT Submittal Dated April 4, 2011

Volume (each) 926,521   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 133.4   min

Baffling Factor 0.3 Typical Baffling Factor for Clarifiers
Baffling Characteristics:  Poor

Approved Baffling Factor:  
T10 40.0   min

Unit - 5 Type: Other Shape: Rectangular

Further Description: Recarbonation Basin

Characteristic Comments
Number of Units 1
Length 45.5   ft As per CT Submittal Dated April 4, 2011
Width 32   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 16.8   ft As per CT Submittal Dated April 4, 2011
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet

Volume (each) 183,003   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 26.4   min

Baffling Factor 0.5
Typical Baffling Factor for Basins with 4 Internal

Baffles and Length to Width (40:1)
Baffling Characteristics:  Average

Approved Baffling Factor:  
T10 13.2   min

Unit - 6 Type: Filter Shape: Rectangular

Further Description: Gravity Filters

Characteristic Comments
Number of Units 4
Length 24   ft As per CT Submittal Dated April 4, 2011
Width 15   ft As per CT Submittal Dated April 4, 2011
Media Depth 6   ft As per CT Submittal Dated April 4, 2011
Underdrain Depth 1   ft As per CT Submittal Dated April 4, 2011
Minimum Water Depth Over Media 6.8   ft As per CT Submittal Dated April 4, 2011
Average Porosity 50   %

Volume (each) 29,088   gal

Flow Rate (each) 1,736   gpm

10 MGD Flow Divided Equally Between Four
Filters (Filters Rated at 2.5 MGD Flow Each).

Four filters must always be operated together at
equal flow rates.

Detention Time 16.8   min

Baffling Factor 0.7 Typical Baffling Factor for Filters
Baffling Characteristics:  Superior

Approved Baffling Factor:  
T10 11.7   min

D5 FLOW RATE 9.999   mgd

T10 SUM FOR D5 67.1   min

Disinfection Zone: D6 Disinfectant: Chloramines

Unit - 1 Type: Clearwell Shape: Rectangular

Further Description: Clearwell/Transfer Pump Station

Characteristic Comments
Number of Units 1
Length 98.4   ft As per CT Submittal Dated April 4, 2011
Width 26   ft As per CT Submittal Dated April 4, 2011
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)

T10 Details Worksheet
Side Water Depth 11.3   ft As per CT Submittal Dated April 4, 2011
Maximum Volume (each) 216,290   gal
Minimum Operating Level 5.7   ft
Worst Case Volume (each) 109,102   gal

Percent of Maximum Volume 50   %
Based on the clearwell's minimum operating

level, i.e., 50% of Total Volume

Worst Case Volume (each) 109,102   gal
Flow Rate (each) 6,944   gpm 10 MGD Flow
Detention Time 15.7   min

Baffling Factor 0.5
Typical Baffling Factor for Basins with Two

Internal Baffles Lenth to Width (30:1)
Baffling Characteristics:  Average

Approved Baffling Factor:  
T10 7.9   min

Unit - 2 Type: Clearwell Shape: Circular

Further Description: 10 MG Ground Storage Tank

Characteristic Comments
Number of Units 1
Diameter 206   ft As per CT Submittal Dated April 4, 2011
Side Water Depth 40   ft As per CT Submittal Dated April 4, 2011
Center Water Depth 40   ft As per CT Submittal Dated April 4, 2011
Maximum Volume (each) 9,974,083   gal

Minimum Operating Level 20   ft
Assumes a "Worst Case" operating level that is

50% of the maximum water depth
Worst Case Volume (each) 4,987,042   gal
Percent of Maximum Volume 50   %

Worst Case Volume (each) 4,987,042   gal

Flow Rate (each) 6,944   gpm

100%  of 10 MGD Max at Cypress.  All water
produced will pass through the 10 MG GST for

the DPR full scale operation.
Detention Time 718.2   min

Baffling Factor 0.3
Typical Baffling Factor for Basins Having 2 Inlets,

1 Outlet and 3 Interior Baffles
Baffling Characteristics:  Poor

Approved Baffling Factor:  
T10 215.5   min

D6 FLOW RATE 9.999   mgd

T10 SUM FOR D6 223.3   min

Disinfection Zone: D7 Disinfectant:

Disinfection Zone: D8 Disinfectant:
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
Summary Worksheet

PUBLIC WATER
SYSTEM NAME: City of Wichita Falls Reuse Project PWS ID No.: 2430001

PLANT NAME
OR NUMBER: HQ Rd to Cypress through MF/RO/Conventional Date:

Disinfection
Zone Treatment Unit

Volume* Flow Rate*
Baffling
Factor*

T10*
(each) (each) (min)
(gal) (MGD) Unit Zone

D1A 42-inch Raw Water Pipe (1) 6,118 7.500 1 1.175 1.17
D1B 42-inch Raw Water Pipe (1) 160,157 7.500 1 30.752 30.75
D1C 42-inch Raw Water Pipe (1) 699,794 7.500 1 134.369 134.37
D2 MF/RO Flocc-Clarifier (1) 3,875,583 15.000 0.3 111.613 111.61

D3
36 Inch Raw Water Pipe (1) 13,221 15.000 1 1.269

4.57Micro-filtration Trough (1) 5,508 15.000 0.1 0.053
Micro-filtration Cells (1) 9,557 2.966 0.7 3.248

D4

Permeate piping through UV disinfection area (1) 2,444 10.001 1 0.352

2.38Permeate piping through meter vault (1) 522 10.001 1 0.075
Permeate piping to diversion point (1) 6,029 10.001 1 0.868

HDPE Diversion to Lagoon (1) 7,521 10.001 1 1.083

D5

36 Inch Raw Water Pipe (1) 11,634 9.999 1 1.675

67.13

Rapid Mix Basin (1) 4,848 9.999 0.1 0.070
30 Inch Raw Water Pipe (1) 3,122 9.999 1 0.450

Clarifier (1) 926,521 9.999 0.3 40.028
Recarbonation Basin (1) 183,003 9.999 0.5 13.177

Gravity Filters (4) 29,088 2.500 0.7 11.728

D6
Clearwell/Transfer Pump Station (1) 109,102 9.999 0.5 7.856

223.31
10 MG Ground Storage Tank (1) 4,987,042 9.999 0.3 215.454

* These values are calculated on the T10 Details Sheet

TCEQ - (05-01-13) CT STUDY
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Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
CT Calculator Worksheet

PUBLIC WATER PLANT NAME
SYSTEM NAME: City of Wichita Falls Reuse Project OR NUMBER: HQ Rd to Cypress through MF/RO/Conventional

PWS ID No.: 2430001 Date:

DISINFECTION PROCESS PARAMETERS

APPROVED CT STUDY PARAMETERS PERFORMANCE STANDARDS

Parameters
Disinfection Zones Log Inactivations

D1A D1B D1C D2 D3 Giardia lamblia Cysts Viruses
   Flow Rate (MGD) 7.500 7.500 7.500 15.000 2.966 0.5 2.0
   T10 (minutes) 1.2 30.8 134.4 111.6 4.6

DISINFECTION PROCESS DATA

INDIVIDUAL DISINFECTION ZONES PLANT TOTAL
C Flow Temp Giardia Virus Giardia Virus Giardia Virus Inact.

Disinfectant (mg/L) (MGD) (oC) pH CTCALC CTREQD CTREQD Log Log Log Log Ratio
CLO2 D1A 0.0 7.500 7.0 7.5 0.0 NA NA 0.00 0.00
CLO2 D1B 0.0 7.500 7.0 7.5 0.0 NA NA 0.00 0.00
CLO2 D1C 0.1 7.500 7.0 7.5 13.4 4.2 5.0 1.60 5.40 2.23 5.32 2.66
CLA D2 2.5 15.000 7.0 7.0 279.0 334.5 746.1 0.42 0.75 (V)
CLA D3 2.5 2.966 7.0 7.0 11.4 334.5 746.1 0.02 0.03

 Certificate No.
SUBMITTED BY:  and Grade:  Date:

TCEQ - (05-01-13) CT STUDY
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DISINFECTION PROCESS PARAMETERS

APPROVED CT STUDY PARAMETERS PERFORMANCE STANDARDS

Parameters
Disinfection Zones Log Inactivations

D4 D5 D6 D7 D8 Giardia lamblia Cysts Viruses
   Flow Rate (MGD) 10.001 9.999 9.999 0.5 2.0
   T10 (minutes) 2.4 67.1 223.3

DISINFECTION PROCESS DATA

INDIVIDUAL DISINFECTION ZONES PLANT TOTAL
C Flow Temp Giardia Virus Giardia Virus Giardia Virus Inact.

Disinfectant (mg/L) (MGD) (oC) pH CTCALC CTREQD CTREQD Log Log Log Log Ratio
FCL D4 1.0 10.000 7.0 7.0 2.4 21.6 3.3 0.06 1.43
CLA D5 4.0 10.000 7.0 9.4 268.5 334.5 746.1 0.40 0.72
CLA D6 4.0 10.000 7.0 8.8 893.2 334.5 746.1 1.34 2.39 SEE PAGE 1

D7
D8

 Certificate No.
SUBMITTED BY:  and Grade:  Date:

TCEQ - (05-01-13) CT STUDY

Enclosure H1: CT STUDY
FOR PUBLIC WATER SYSTEMS THAT ARE USING SURFACE WATER SOURCES

OR GROUND WATER SOURCES UNDER THE INFLUENCE OF SURFACE WATER (cont.)
CT Calculator Worksheet

PUBLIC WATER PLANT NAME
SYSTEM NAME: City of Wichita Falls Reuse Project OR NUMBER: HQ Rd to Cypress through MF/RO/Conventional

PWS ID No.: 2430001 Date:
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Wichita Falls Emergency DPR Facilities
Proposed Modifications to Conditions for the Temporary DPR WTP
Reference Enclosure A of TCEQ Conditional Approval Letter dated August 5, 2014
March 6, 2015

Explanation/justification for proposed modifications provided in italics. Simple changes/substitutions 
noted by highlighted words.

Introduction:  [Delete the words “for a period of six months” from the end of the first sentence. Delete 
the second paragraph in its entirety.]

The DPR project will remain subject to review through the monthly reporting process and subject to 
regulatory updates as indicated, but through eight months of operation has proven reliable and capable 
of continuously providing safe, high quality water. A fixed reauthorization date is unnecessary.

4.f. The Escherichia coli (E. coli) concentrations in the RRWWTP effluent (after the chlorine contact 
basin) must be no greater than 200 colony forming units (CFU)/100 mL. If the RRWWTP E. coli 
effluent concentration is above 200 CFU/100 mL (when the results are received), the RRWWTP 
effluent must stop entering the pipeline leading to the temporary DPR WTP and the entire 
temporary DPR WTP must be shut down until corrective action is taken and the entire 
temporary DPR WTP must be shut down until corrective action is taken and the E. coli levels 
return to below 200 CFU/mL.

Given the addition of the UV disinfection barrier to pathogens, a slight relaxation of the E. coli limit is 
requested for flexibility, although no process or operational changes are proposed which would reduce 
the RRWWTP effluent quality.

4.h. [second sentence:] The unit must have any problems repaired and retested until the salt 
rejection returns to within 10% of the unit’s acceptable daily salt rejection total from the 
previous day before the RO unit can resume discharging to the next stage of treatment. 

This language is suggested for improved clarity; no change is proposed in the requirement.

4.j. The percentage of finished water from the Cypress WTP originating as RRWWTP effluent must 
be no greater than 50.00%. This calculation shall consider the impact of surface water (Lake 
Kemp) blending occurring prior to the MF/RO treatment process as well as blending of surface 
water from the secondary reservoir with RO permeate. No single instantaneous 15 minute 
reading may be above 55.00% and the 2-hour averages of instantaneous 15-minute readings 
must be below 50.00%. The 2-hour averages begin at midnight and continue every 8 readings. If 
the instantaneous or averaged ratios are above the threshold then the water from the lagoon to 
the splitter box or the water from the secondary reservoir must be adjusted to establish a ratio 
below 50.00%. Continuous flow metering of the following streams will be used to determine the 
percentage originating as RRWWTP effluent:

(1) RRWWTP effluent delivered to the Cypress WTP
(2) Lake Kemp raw water delivered to the Cypress WTP
(3) RO permeate produced from DPR treatment train
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(4) Permeate pumped from Waste Lagoon No. 3
(5) Secondary Reservoir raw water delivered to the Cypress WTP

DPR % of permeate = DPR source flow (1) / [DPR source flow + Kemp raw flow (2)] x 100%
DPR share of permeate = DPR % x Total permeate flow (3) OR (4)
DPR % of total = DPR share of permeate / [permeate flow + Secondary Reservoir RW (5)] x 100%

Proposed incorporation of blending credit for Lake Kemp raw water.

16. Because of concerns regarding the potential introduction of contamination into the Lake 
Kemp/Headquarters Road Reservoir raw water line, the 1961 SWTP and 1987 SWTP treatment 
equipment and associated clearwells and piping, the following conditions must be met:

a. The 2008 SWTP flow control vault’s valve located on the Lake Kemp/Headquarters Road 
Reservoir pipeline must continue to remain closed unless the Headquarters Road Pump 
Station is delivering water to the Cypress WTP. [delete remainder.]

b. The weir gates in the Cypress Splitter Box to the 1961 and 1987 SWTPs must be maintained 
closed and:

i. Visually inspected weekly for leakage.
ii. If leaking from either of these two weir gates is noted, the extent of leakage 

must be noted for disinfection activities prior to resuming normal operation.
iii. [language from existing item]
iv. [language from existing item]
v. The results of the weekly visual inspections and any follow-up inspections must 

be recorded, kept onsite, and made available to the TCEQ upon request.

The HQ Road valve must be opened to accommodate reintroduction of the Lake Kemp supply. The 
facilities under consideration by these provisions are related to raw water supplies, and therefore do not 
require the frequency of inspection stipulated. DPR closure activities will verify that all facilities are 
properly disinfected.

24.l. The DPR% of total finished water must be determined and recorded every 15 minutes. The 
highest instantaneous 15-minute ratio for the day must be reported each month. The two-hour 
averages must also be reported if the maximum daily 15-minute instantaneous ratio is above 
50.00%.

Language modified for modified blending provisions.

24.q. Total Culturable Virus sampling must be performed once a month at the RRWWTP effluent and 
two times per month at the entry point to the distribution system from the temporary DPR WTP 
using EPA method 1615. [delete remainder.]

Total culturable virus results are quicker and are sufficient to verify that adequate virus disinfection is 
achieved.
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33.d. action to reduce the output of the permeate transfer pumps at Waste Lagoon No. 3 when the 
DPR % of total finished water exceeds 50.00%; and

Language modified for modified blending provisions.

63. [delete]

This language unnecessary with approval of integrating the Lake Kemp supply.
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44 42 56.09 SELF PRIMING CENTRIFUGAL PUMPS 

1.00 GENERAL 

1.01 WORK INCLUDED 

A. Furnish labor, materials, equipment and incidentals necessary to install two (2) horizontal 
self-priming centrifugal non-clog pumps at the Lagoon No. 3.  The pumps shall be capable of 
pumping RO permeate, with the potential of sediment or other debris from the bottom of 
the lagoon. The pumps shall be used to transfer water from Lagoon No. 3 to the Raw Water 
Splitter Box for the conventional water treatment plants. 

B. The pumping units furnished shall be complete with pumps, drives, bases, anchorages, and 
the appurtenances required for a complete installation as specified herein.  Equipment 
furnished and installed under this Section shall be assembled, erected and placed in proper 
operating condition in full conformity with the Plans, Specifications, engineering data, and 
instructions and recommendations of the Equipment Manufacturer as approved by the 
Engineer.  The pumps and wetted parts shall be NSF 61 Drinking Water certified. 

1.02 QUALITY ASSURANCE 

A. Factory Inspection and Testing 

1. The entire pump station shall be field tested at the site to assure proper operation.  A 
certified copy of the test report shall be included in the O&M Manuals.  Individual pump 
tests shall be provided from the pump manufacturer. 

B. Design Criteria: 

1. Pump Performance Requirements: 

Pumped Fluid RO Permeate 

Number of units 2 

Operating point for each pump 1,500 gpm @ 34’ TDH 

Minimum shutoff head 50’ 

Minimum diameter of test sphere 2” 

Minimum shop test pressure 1.5 times shutoff head 

Maximum NPSHR  8’ 

2. Each pump, within its rated speed range, shall be designed to retain adequate liquid in 
the pump casing to ensure unattended automatic repriming in a complete open system.  
No auxiliary priming apparatus including priming lines from a separate water source are 
acceptable.  Upon completion of repriming cycle, pumps shall deliver full rated capacity 
at rated TDH at the designated total dynamic suction lift. 

3. All motors shall conform to the design, construction and performance requirements of 
the National Electric Manufacturers Association (NEMA) as may be applicable for the 
intended service.  The nameplate horsepower rating of the motor shall not be exceeded 
at any point on the pump’s operating curve for the maximum speed of the drive unit. 
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C. Manufacturer’s Representative for Startup and Testing:  The services of the Manufacturer’s 
technical representative shall be provided for pre-startup installation checks, startup 
assistance, training of Owner’s operating personnel, troubleshooting and other services as 
required in Section 01 75 00 “Starting and Adjusting.”  The Contractor shall provide the 
services of factory-trained representative for a period of one day to start-up the station and 
to instruct the Owner’s operating personnel in the operation and maintenance of the 
equipment provided. 

1.03 SUBMITTALS 

A. Submittals shall be in accordance with Section 01 33 00 “Submittal Procedures” and shall 
include: 

1. Shop Drawings:   In addition to other specified requirements, shop drawings shall 
include the following: 

a. Details on the Plans are dimensioned according to the specified pump.  If a pump is 
proposed having different dimensions and thus changing the layout dimensions of 
the Plans, but is otherwise acceptable, submit with the shop drawings a revised 
piping layout for the Engineer’s approval. 

b. Characteristic curves for the equipment offered shall be submitted with the Shop 
Drawings. 

c. Data Sheets supplying the following information for the new pumping units shall be 
submitted with the shop drawings. 

1). Pump: 

Make and type of pump  

Speed ___ rpm 

Horsepower required at rated head ___ HP 

Capacity at rated head ___ gpm 

Pump efficiency at rated head ___% 

Weight of pump ___ lb. 

2). Motor: 

Make and type of motor  

Brake horsepower of motor ___ HP 

Locked Rotor Current, at full voltage ___ amps 

Method of insulating and impregnating motor coils  

Speed of motor at full load ___ rpm 

Weight of motor ___ lb. 

Motor efficiency at rated conditions ___% 

Starting Torque ___ ft-lb 

Service Factor  
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3). Pump and Motor Assembly: 

Guaranteed overall efficiency at rated conditions  

Weight of pump, motor and baseplate ___ lb. 

2. Operation and Maintenance Manuals. 

3. Certified pump curve for each unit prior to shipment. 

4. Wiring Diagrams 

5. Electrical Equipment Cutsheets. 

6. Panel Layouts. 

1.04 DELIVERY AND STORAGE 

A. Store equipment with protection from the weather, excessive humidity and temperature, 
dirt, dust and other contaminants and in compliance with the manufacturer’s instructions.  
Setting of the pump station shall be the responsibility of the manufacturer and providing all 
equipment to unload and to set the pump station shall be provided by the Contractor. 

1.05 WARRANTY 

A. The equipment supplier shall furnish the Owner a warranty for a period of five (5) years 
following installation, adjusting, acceptance testing and start of actual operation of the 
equipment.  All equipment shall be guaranteed against defects in material and workmanship 
and any defective equipment shall be repaired or replaced without cost or obligation to the 
Owner. 

B. In the event of failure of any part or parts of the equipment during the five year operation, 
the Manufacturer shall furnish, deliver and install the defective part or parts at no additional 
expense to the Owner. 

2.00 PRODUCTS 

2.01 MANUFACTURED PRODUCTS 

Pumps shall be: 

A. Gorman-Rupp, T10A-B-3  

B. Approved Equal 

2.02 HORIZONTAL SELF-PRIMING CENTRIFUGAL PUMPS 

A. The openings and passages of the pumps shall be large enough to permit the passage of a 
sphere 2 inches in diameter and any trash or stringy material.  The pumps shall be equipped 
with a removable cover plate, allowing complete access to pump interior to permit the 
clearance of stoppages and to provide simple access for service and repairs without 
disturbing suction or discharge piping. 

B. Each pump shall be fitted with a replaceable cast iron wear plate.  Replacement of the wear 
plate, impeller and seal shall be accomplished through a removable cast iron coverplate.  
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The entire rotating assembly, which includes bearings, shaft, seal, and impeller shall be 
removable as a unit without disturbing pump volute or piping. 

C. The impeller shall be two-vaned, untapered, semi-open, non-clog, cast in ductile iron with 
integral pump-out vanes on the back shroud and shall thread onto a pump shaft of stainless 
steel.  Means shall be provided for external adjustment of the impeller to the wear plate. 

D. The shaft shall be covered and protected with a removable alloy steel sleeve. The shaft shall 
be contained within a cast iron bearing pedestal of ample size to contain heavy duty ball 
thrust bearing and radial bearing of adequate size to withstand imposed loads.  Bearings 
shall be oil lubricated, with the bearing pedestal cooled by pumped liquid.  The pump shaft 
shall be sealed against leakage by a balanced mechanical seal.  Both the stationary sealing 
member and mated rotating member shall be tungsten-titanium carbide alloy. 

E. The mechanical seal shall be installed within a separate oil-filled reservoir of the pump 
pedestal, the oil being both lubricating and cooling media.  The seal must be removable and 
replaceable through the cover plate opening.  The pumps shall incorporate molded one-
piece suction check valves that can be removed or installed through the removable cover 
plate opening, without disturbing the suction piping.  The pump volute casing shall contain 
no openings of a smaller diameter than the sphere size specified. 

F. Pumps shall be V-belt operated and provided with V-belt bases fabricated of steel.  The 
pump shall be connected to the motor through belts and sheaves sized to provide the pump 
speed specified.  One spare sets of sheaves, belts, mechanical seals and bearings shall be 
provided.  Belts and sheaves shall be covered with an OSHA guard. 

G. The pumps shall have cast iron bodies.  Thrust bearing shall be open ball and radial bearing 
shall be open double ball with snap ring.  Pump shall come equipped with an oil level sight 
gauge, and a lift eye. 

2.03 VALVES AND PIPING 

A. Automatic Air Release Valves 

1. An automatic air release valve shall be furnished for each pump designed to permit the 
escape of air to the atmosphere during initial priming or unattended re-priming cycles.  
Upon completion of the priming cycle or re-priming cycle, the valve shall close to 
prevent recirculation.  Valves shall provide visual indication of valve closure, and shall 
operate solely on discharge pressure.  Valves which require connection to the suction 
line shall not be acceptable. 

2. All valve parts exposed to pumped fluid shall be constructed of cast iron, stainless steel, 
or similar corrosion resistant materials.  Diaphragms, if used, shall be of fabric 
reinforced neoprene or similar inert material. 

3. A cleanout port, three inches in diameter, shall be provided for ease of inspection, 
cleanout, and service. 

4. Valves shall be field adjustable for varying discharge heads. 

5. Connection of the air release valves to the station piping shall include stainless steel 
fittings. 
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2.04 DRIVE UNIT 

A. MOTORS 

1. Motors shall be 20 HP, TEFC, 900 RPM, NEMA design B with cast iron frame with copper 
windings, induction type, with normal starting torque and low starting current 
characteristics, suitable for 3-Phase, 60 Hertz, 460 volts continuous service.  The motors 
shall not overload at the design condition or at any head in the operating range as 
specified. 

2. Motors shall have full Class F or better insulation.  The motor insulation shall be non-
hygroscopic epoxy type premium grade. 

3. When operating at the specified service factor and at rated voltage and frequency, the 
temperature rise for motors shall not exceed those given in NEMA Standard MG1-12-42. 

4. Locked-rotor currents for motors shall not exceed those given in NEMA Standard MG1-
12.34, and name plates shall be marked with applicable Code Letters in accordance with 
NEMA Standard MG1-10.37. 

B. Drive Transmission 

1. Power to pumps shall be transmitted by V-belt drive assemblies. The sheave/belt 
combination shall provide the speed ratio needed to achieve the specified pump 
operating conditions. 

2. Each drive assembly shall utilize at least two V-belts providing at minimum a combined 
safety factor of 1.5. Single belt drives or systems with a safety factor of less than 1.5 are 
not acceptable.  Computation of safety factors shall be based on performance data 
published by the drive manufacturer.  

3. Precise alignment tolerances of the drive assemblies shall be achieved by means of a 
belt/sheave laser alignment system resulting in the reduction of vibration, accelerated 
wear, and premature failure. 

4. The pump manufacturer shall submit power transmission calculations which document 
the following: 

a. Ratio of pump/motor speed. 

b. Pitch diameter of driver and driven sheaves. 

c. Number of belts required per drive. 

d. Theoretical horsepower transmitted per belt, based on vendor's data. 

e. Center distance between pump and motor shafts. 

f. Arc-length correction factor applied to theoretical horsepower transmitted. 

g. Service factor applied to established design horsepower. 

h. Safety factor ratio of power transmitted/brake horsepower required. 

5. Belt guards 

a. Pump drives to be enclosed on all sides by a guard constructed of fabricated steel or 
combination of materials including expanded, perforated, or solid sheet metal. No 
opening to a rotating member shall exceed 1/2 inch. 
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