
Chapter 2 - Core Elements for New Development and Redevelopment

Chapter 4 - Hydrologic Analysis
     Isopluvial maps with Township and Range
• Color maps
• Black & white maps

Chapter 5 - Runoff Treatment Facility Design
• Replace Chapter 5.6 with Guidance for UIC Wells that Manage Stormwater

Chapter 6 – Flow Control Facility Design
• The evaporation calculation spreadsheet referenced in Section 6.4.3
• Sample Calculation spreadsheet

Chapter 7 - Construction Stormwater Pollution Prevention
• BMPs for Chemical Treatment and Sand Filtration
• BMPs for pH Neutralization (CO2)
• BMPs for pH Control
• Ecology Approved Functionally Equivalent BMPs

Corrections and Clarifications to the Stormwater Management Manual for 
Eastern Washington (2004)

https://fortress.wa.gov/ecy/publications/summarypages/0510067.html
http://www.ecology.wa.gov/Asset-Collections/Doc-Assets/Water-quality/Water-Quality-Permits/Guidance/Evaporativepondspreadsheet
http://www.ecology.wa.gov/Regulations-Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-resources/Emerging-stormwater-treatment-technologies-(TAPE)


Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

The items in blue are new additions to this list of corrections and clarifications to Chapter 2 of 
the Stormwater Management Manual for Eastern Washington 

p. 2-6, Redevelopment Guidelines, Runoff Treatment Requirements, items c) and d),
clarifications:  
• Urban roads are located within designated Urban Growth Management Areas; rural

roads are located outside designated Urban Growth Management Areas.  Freeways, 
defined as fully controlled and partially controlled limited access highways, may be 
located either inside or outside of Urban Growth Management Areas.   

• Sorptive, not separator, oil control technologies are required for roads with ADT
greater than 30,000: basic treatment methods with sorptive properties, such as swales 
or filters, could be selected to fulfill this requirement; or catch basin inserts might be 
used at these sites.  

p. 2-18, Pollutant-Generating Impervious surfaces, clarification: “Roofs that are subject to
venting of manufacturing, commercial, or other indoor pollutants are also considered 
PGIS.”  The reference to commercial indoor pollutants is aimed at commercial facilities 
such as restaurants where oils and other solid particles are expected to be expelled; the 
reference was not intended to include normal indoor air venting at commercial facilities 
where activities such as cooking, processing, etc. do not take place. 

p. 2-19, Low ADT Roadways and Parking Areas and Moderate ADT Roadways and Parking
Areas, clarification: Urban roads are located within designated Urban Growth 
Management Areas; rural roads are located outside designated Urban Growth 
Management Areas.  Freeways, defined as fully controlled and partially controlled 
limited access highways, may be located either inside or outside of Urban Growth 
Management Areas.  

p. 2-22, Metals Treatment Requirements, second bullet, clarification: Urban roads are located
within designated Urban Growth Management Areas; rural roads are located outside 
designated Urban Growth Management Areas.  Freeways, defined as fully controlled and 
partially controlled limited access highways, may be located either inside or outside of 
Urban Growth Management Areas.  

p. 2-22, Oil Control Requirements, clarification: Separator technologies are required only for the
following high-use sites:  
• High-density intersections with expected ADT of 25,000 or more vehicles on main

roadway and 15,000 or more vehicles on any intersecting roadway,   
• Non-employee parking areas of commercial or industrial sites with trip end counts

greater than 100 vehicles per 1,000 SF gross building area or greater than 300 
vehicles total,  

• Areas of commercial and industrial sites subject to use, storage, or maintenance of a
fleet of 25 or more vehicles that are over ten tons gross weight,  

• Fueling stations and facilities, and
• Sites subject to petroleum transfer in excess of 1,500 gallons per year, not including

routinely delivered heating oil.

July 19, 2005 Chapter 2 – Core Elements for New Development Page 1 of 2 
and Redevelopment



Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

At all other high-use sites and high ADT traffic areas subject to the oil control 
requirement, sorptive technologies are required: basic treatment methods with sorptive 
properties, such as swales or filters, could be selected to fulfill this requirement; or catch 
basin inserts might be used at these sites.    

 
p. 2-24, Water quality design flow rate, correction:  The default method shall be Method 1 in all 

Regions.  (The manual incorrectly states that the default method shall be Method 1 in 
Regions 2 & 3 and Method 2 in Regions 1 & 4.) 
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Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

Chapter 5.10 – Oil and Water Separators 

Two corrections apply in several locations in the section:   

• First, the multiplier of 2.15 does not apply to facilities in eastern Washington.

• Second, the instantaneous peak flow rate generated by the modeling does not need to be
applied in all cases, but instead, where time increments smaller than 30 minutes are used
in the hydrologic analysis (e.g., where the short duration storm is applied), the water
quality design flow rate should be the average of the flow rates generated by the model
over the peak 30 minute period.  Where time increments of 30 minutes or greater are used
in the hydrologic analysis, the water quality design flow rate is the instantaneous peak
flow rate calculated by the model.

The corrections to the manual are as follows: 

p. 5-107, last bullet on the page, correction, the bullet should read as follows:
• Locate the separator off-line and bypass flows in excess of the water quality design

flow rate, which is the average flow rate generated by the model over the peak 30
minute period.

p. 5-108, Criteria for Separator Bays, first bullet, correction, the bullet should read as follows:
• Size the separator bay for the water quality design flow rate, which is the average

flow rate generated by the model over the peak 30 minute period.

p. 5-110, Inflow from drainages < 2 acres, correction, the second equation under the third bullet
should read: 

Q = the water quality design flow rate in ft³/min, at minimum residence time, tm

July 19, 2005 Chapter 5 – Runoff Treatment Facility Design Page 1 of 1 



Table 6.4.2 -- Example spreadsheet calculations for sizing an evaporative pond at a site in the Spokane area

Project :   EXAMPLE SITE IN SPOKANE AREA

Plat / BSP / Proj No:   ### Engineer: initials
Date: 8/9/2004

Pond Bottom Area: 112,000 sq. ft. CONDITION: FULL CONTAINMENT
Pond Bottom Perimeter: 1,339 ft

Pond Side Slopes: 3 : 1
Impervious Basin Size (Constant): 2.00 acres
Impervious Basin Size (Pond Area): 2.57 acres AMC II AMC III ---
Permeable Basin Size: 2.43 acres Apr-Oct Nov&Mar Dec-Feb
Off-Site Upstream Basin: 1.00 acres Impervious CN: 98 99 99 RESULTS:
Total Basin Size: 8.00 8.00 acres Permeable CN: 61 78 95 Pond Volume: 246,080 cu ft
Mean Annual Prec. - Airport: 16.11 in Off-Site CN: 58 76 95 Pond Depth: 2.20 ft
Mean Annual Prec. - Site: 19.70 in Impervious S: 0.20 0.10 0.10 Add 1' freeboard: 3.20 ft
Multiplier: 1.22 Permeable S: 6.39 2.82 0.53 255,773
100-Year, 24 Hour, Prec.: 2.70 in Off-Site S: 7.24 3.16 0.53

STORAGE

Impervious Permeable Off-Site Impervious Permeable Off-Site NET Evap. Volume
Adjusted Runoff Runoff Runoff Runoff Runoff Runoff Runoff Pan Vol. Out; Stored Pond Pond

Month Precip. Precip. Depth Depth Depth Volume Volume Volume Volume Evap. 72% Adj. in Pond Depth Capacity
(in) (in) (in) (in) (in) (cu ft) (cu ft) (cu ft) (cu ft) (in) (cu ft) (cu ft) (ft) (%)

20,878 0.19 8
Oct. 1.22 1.49 1.27 0.01 0.00 21,109 61 1 21,171 2.58 17,453 24,595 0.22 10
Nov. 2.02 2.47 2.35 0.77 0.68 39,043 6,777 2,456 48,276 0.92 6,231 66,640 0.59 26
Dec. 2.22 2.71 2.60 2.17 2.17 43,095 19,145 7,882 70,123 0.51 3,500 133,263 1.19 52
Jan. 2.05 2.51 2.39 1.97 1.97 39,651 17,368 7,151 64,169 0.61 4,274 193,157 1.72 76
Feb. 1.57 1.92 1.80 1.41 1.41 29,930 12,402 5,106 47,438 1.11 7,920 232,675 2.08 91
Mar. 1.38 1.69 1.57 0.32 0.26 26,086 2,821 961 29,868 2.28 16,463 246,080 2.20 96
Apr. 1.11 1.36 1.14 0.00 0.00 18,914 8 0 18,922 4.45 32,260 232,742 2.08 91
May 1.37 1.68 1.45 0.02 0.01 24,111 204 25 24,340 6.69 48,307 208,776 1.86 82
June 1.27 1.55 1.33 0.01 0.00 22,109 100 5 22,214 8.14 58,357 172,633 1.54 67
July 0.50 0.61 0.42 0.00 0.00 6,974 0 0 6,974 10.70 75,878 103,728 0.93 41
Aug. 0.60 0.73 0.54 0.00 0.00 8,881 0 0 8,881 9.42 65,405 47,205 0.42 18
Sept. 0.80 0.98 0.77 0.00 0.00 12,775 0 0 12,775 5.90 40,247 19,733 0.18 8
Oct. 1.22 1.49 1.27 0.01 0.00 21,109 61 1 21,171 2.58 17,447 23,456 0.21 9
Nov. 2.02 2.47 2.35 0.77 0.68 39,043 6,777 2,456 48,276 0.92 6,229 65,503 0.58 26
Dec. 2.22 2.71 2.60 2.17 2.17 43,095 19,145 7,882 70,123 0.51 3,499 132,127 1.18 52
Jan. 2.05 2.51 2.39 1.97 1.97 39,651 17,368 7,151 64,169 0.61 4,273 192,023 1.71 75
Feb. 1.57 1.92 1.80 1.41 1.41 29,930 12,402 5,106 47,438 1.11 7,918 231,543 2.07 91
Mar. 1.38 1.69 1.57 0.32 0.26 26,086 2,821 961 29,868 2.28 16,457 244,954 2.19 96
Apr. 1.11 1.36 1.14 0.00 0.00 18,914 8 0 18,922 4.45 32,249 231,627 2.07 91
May 1.37 1.68 1.45 0.02 0.01 24,111 204 25 24,340 6.69 48,291 207,677 1.85 81
June 1.27 1.55 1.33 0.01 0.00 22,109 100 5 22,214 8.14 58,338 171,552 1.53 67
July 0.50 0.61 0.42 0.00 0.00 6,974 0 0 6,974 10.70 75,853 102,673 0.92 40
Aug. 0.60 0.73 0.54 0.00 0.00 8,881 0 0 8,881 9.42 65,383 46,171 0.41 18
Sept. 0.80 0.98 0.77 0.00 0.00 12,775 0 0 12,775 5.90 40,234 18,712 0.17 7

Evaporative Pond to Accommodate 100% of Post-Developed Runoff Volume

(no infiltration allowed)

OUTFLOW POND DATAINFLOW

 



Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

p. 7-17, correction: The following BMPs are listed but the descriptions and technical 
specifications for the BMPs were not included in the manual: 

 
• BMP 250 Construction Stormwater Chemical Treatment 
• BMP 251 Construction Stormwater Filtration 

 
 
p. 7-56, correction:  “Table 4.7” is referenced but not included in the manual.  
 
The missing BMPs and table are included on the following pages of this document. 
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Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

BMP C250:  Construction Stormwater Chemical Treatment 

Purpose Turbidity is difficult to control once fine particles are suspended in 
stormwater runoff from a construction site.  Sedimentation ponds are 
effective at removing larger particulate matter by gravity settling, but are 
ineffective at removing smaller particulates such as clay and fine silt.  
Sediment ponds are typically designed to remove sediment no smaller than 
medium silt (0.02 mm).  Chemical treatment may be used to reduce the 
turbidity of stormwater runoff. 

Conditions of Use Chemical treatment can reliably provide exceptional reductions of 
turbidity and associated pollutants.  Very high turbidities can be reduced 
to levels comparable to what is found in streams during dry weather.  
Traditional BMPs used to control soil erosion and sediment loss from sites 
under development may not be adequate to ensure compliance with the 
water quality standard for turbidity in the receiving water.  Chemical 
treatment may be required to protect streams from the impact of turbid 
stormwater discharges, especially when construction is to proceed through 
the wet season. 

 Formal written approval from Ecology and the local jurisdiction is 
required for the use of chemical treatment regardless of site size.  The 
intention to use Chemical Treatment shall be indicated on the Notice 
of Intent for coverage under the General Construction Permit.  
Chemical treatment systems should be designed as part of the 
Construction SWPPP, not after the fact.  Chemical treatment may be 
used to correct problem sites in limited circumstances with formal 
written approval from Ecology and the local jurisdiction. 

The SEPA review authority must be notified at the application phase of 
the project review (or the time that the SEPA determination on the project 
is performed) that chemical treatment is proposed.  If it is added after this 
stage, an addendum will be necessary and may result in project approval 
delay. 

Design and 
Installation 
Specifications 

Criteria for Chemical Treatment Product Use:  Chemically treated 
stormwater discharged from construction sites must be nontoxic to aquatic 
organisms.  The following protocol shall be used to evaluate chemicals 
proposed for stormwater treatment at construction sites.  Authorization to 
use a chemical in the field based on this protocol does not relieve the 
applicant from responsibility for meeting all discharge and receiving 
water criteria applicable to a site.   

• Treatment chemicals must be approved by EPA for potable water use.  

• Petroleum-based polymers are prohibited. 

• Prior to authorization for field use, jar tests shall be conducted to 
demonstrate that turbidity reduction necessary to meet the receiving 
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Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

water criteria can be achieved.  Test conditions, including but not 
limited to raw water quality and jar test procedures, should be 
indicative of field conditions.  Although these small-scale tests cannot 
be expected to reproduce performance under field conditions, they are 
indicative of treatment capability. 

• Prior to authorization for field use, the chemically treated stormwater 
shall be tested for aquatic toxicity.  Applicable procedures defined in 
Chapter 173-205 WAC, Whole Effluent Toxicity Testing and Limits, 
shall be used.  Testing shall use stormwater from the construction site 
at which the treatment chemical is proposed for use or a water solution 
using soil from the proposed site. 

• The proposed maximum dosage shall be at least a factor of five lower 
than the no observed effects concentration (NOEC).  

• The approval of a proposed treatment chemical shall be conditional, 
subject to full-scale bioassay monitoring of treated stormwater at the 
construction site where the proposed treatment chemical is to be used. 

• Treatment chemicals that have already passed the above testing 
protocol do not need to be reevaluated.  Contact the Department of 
Ecology Regional Office for a list of treatment chemicals that have 
been evaluated and are currently approved for use. 

Treatment System Design Considerations:  The design and operation of 
a chemical treatment system should take into consideration the factors that 
determine optimum, cost-effective performance.  It may not be possible to 
fully incorporate all of the classic concepts into the design because of 
practical limitations at construction sites.  Nonetheless, it is important to 
recognize the following: 

• The right chemical must be used at the right dosage.  A dosage that is 
either too low or too high will not produce the lowest turbidity.  There 
is an optimum dosage rate.  This is a situation where the adage “adding 
more is always better” is not the case. 

• The coagulant must be mixed rapidly into the water to insure proper 
dispersion. 

• A flocculation step is important to increase the rate of settling, to 
produce the lowest turbidity, and to keep the dosage rate as low as 
possible. 

• Too little energy input into the water during the flocculation phase 
results in flocs that are too small and/or insufficiently dense.  Too 
much energy can rapidly destroy floc as it is formed. 

• Since the volume of the basin is a determinant in the amount of energy 
per unit volume, the size of the energy input system can be too small 
relative to the volume of the basin. 
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Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

• Care must be taken in the design of the withdrawal system to minimize 
outflow velocities and to prevent floc discharge.  The discharge should 
be directed through a physical filter such as a vegetated swale that 
would catch any unintended floc discharge. 

Treatment System Design:  Chemical treatment systems shall be 
designed as batch treatment systems using either ponds or portable trailer-
mounted tanks.  Flow-through continuous treatment systems are not 
allowed at this time. 

A chemical treatment system consists of the stormwater collection system 
(either temporary diversion or the permanent site drainage system), a 
storage pond, pumps, a chemical feed system, treatment cells, and 
interconnecting piping. 

The treatment system shall use a minimum of two lined treatment cells.  
Multiple treatment cells allow for clarification of treated water while other 
cells are being filled or emptied.  Treatment cells may be ponds or tanks.  
Ponds with constructed earthen embankments greater than six feet high 
require special engineering analyses.  Portable tanks may also be suitable 
for some sites. 

The following equipment should be located in an operations shed:  

• the chemical injector;  

• secondary containment for acid, caustic, buffering compound, and 
treatment chemical;  

• emergency shower and eyewash, and  

• monitoring equipment which consists of a pH meter and a 
turbidimeter. 

Sizing Criteria:  The combination of the storage pond or other holding 
area and treatment capacity should be large enough to treat stormwater 
during multiple day storm events.  It is recommended that at a minimum 
the storage pond or other holding area should be sized to hold 1.5 times 
the runoff volume of the 10-year, 24-hour storm event.  Bypass should be 
provided around the chemical treatment system to accommodate extreme 
storm events.  Runoff volume shall be calculated using the methods 
presented in Volume 3, Chapter 2.  If no hydrologic analysis is required 
for the site, the Rational Method may be used.   

Primary settling should be encouraged in the storage pond.  A forebay 
with access for maintenance may be beneficial. 

There are two opposing considerations in sizing the treatment cells.  A 
larger cell is able to treat a larger volume of water each time a batch is 
processed.  However, the larger the cell the longer the time required to 
empty the cell.  A larger cell may also be less effective at flocculation and 
therefore require a longer settling time.  The simplest approach to sizing 
the treatment cell is to multiply the allowable discharge flow rate times the 
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Corrections and Clarifications to the Stormwater Management Manual For Eastern Washington 

desired drawdown time.  A 4-hour drawdown time allows one batch per 
cell per 8-hour work period, given 1 hour of flocculation followed by two 
hours of settling.  

The permissible discharge rate governed by potential downstream effect 
can be used to calculate the recommended size of the treatment cells.  The 
following discharge flow rate limits shall apply: 

• If the discharge is directly or indirectly to a stream, the discharge flow 
rate shall not exceed 50 percent of the peak flow rate of the 2-year, 24-
hour event for all storm events up to the 10-year, 24-hour event.   

• If discharge is occurring during a storm event equal to or greater than 
the 10-year, 24-hour event, the allowable discharge rate is the peak 
flow rate of the 10-year, 24-hour event.  

• Discharge to a stream should not increase the stream flow rate by more 
than 10 percent.  

• If the discharge is directly to a lake, a major receiving water listed in 
Appendix C of Volume I, or to an infiltration system, there is no 
discharge flow limit.   

• If the discharge is to a municipal storm drainage system, the allowable 
discharge rate may be limited by the capacity of the public system.  It 
may be necessary to clean the municipal storm drainage system prior 
to the start of the discharge to prevent scouring solids from the 
drainage system. 

• Runoff rates shall be calculated using the methods presented in 
Volume 3, Chapter 2 for the predeveloped condition.  If no hydrologic 
analysis is required for the site, the Rational Method may be used. 

Maintenance 
Standards 

Monitoring:  The following monitoring shall be conducted.  Test results 
shall be recorded on a daily log kept on site: 

Operational Monitoring

• pH, conductivity (as a surrogate for alkalinity), turbidity and 
temperature of the untreated stormwater 

• Total volume treated and discharged 

• Discharge time and flow rate 

• Type and amount of chemical used for pH adjustment 

• Amount of polymer used for treatment 

• Settling time 

Compliance Monitoring 

• pH and turbidity of the treated stormwater 

• pH and turbidity of the receiving water 
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Biomonitoring  

Treated stormwater shall be tested for acute (lethal) toxicity.  Bioassays 
shall be conducted by a laboratory accredited by Ecology, unless 
otherwise approved by Ecology.  The performance standard for acute 
toxicity is: no statistically significant difference in survival between 
the control and 100 percent chemically treated stormwater. 

Acute toxicity tests shall be conducted with the following species and 
protocols: 

• Fathead minnow, Pimephales promelas (96 hour static-renewal test, 
method: EPA/600/4-90/027F).  Rainbow trout, Oncorhynchus mykiss 
(96 hour static-renewal test, method: EPA/600/4-90/027F) may be 
used as a substitute for fathead minnow. 

• Daphnid, Ceriodaphnia dubia, Daphnia pulex, or Daphnia magna (48 
hour static test, method: EPA/600/4-90/027F). 

All toxicity tests shall meet quality assurance criteria and test conditions in 
the most recent versions of the EPA test method and Ecology Publication 
# WQ-R-95-80, Laboratory Guidance and Whole Effluent Toxicity Test 
Review Criteria. 

Bioassays shall be performed on the first five batches and on every tenth 
batch thereafter, or as otherwise approved by Ecology.  Failure to meet the 
performance standard shall be immediately reported to Ecology. 

Discharge Compliance:  Prior to discharge, each batch of treated 
stormwater must be sampled and tested for compliance with pH and 
turbidity limits.  These limits may be established by the water quality 
standards or a site-specific discharge permit.  Sampling and testing for 
other pollutants may also be necessary at some sites.  Turbidity must be 
within 5 NTUs of the background turbidity.  Background is measured in 
the receiving water, upstream from the treatment process discharge point.  
pH must be within the range of 6.5 to 8.5 standard units and not cause a 
change in the pH of the receiving water of more than 0.2 standard units.  It 
is often possible to discharge treated stormwater that has a lower turbidity 
than the receiving water and that matches the pH. 

Treated stormwater samples and measurements shall be taken from the 
discharge pipe or another location representative of the nature of the 
treated stormwater discharge.  Samples used for determining compliance 
with the water quality standards in the receiving water shall not be taken 
from the treatment pond prior to decanting.  Compliance with the water 
quality standards is determined in the receiving water. 
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Operator Training:  Each contractor who intends to use chemical 
treatment shall be trained by an experienced contractor on an active site 
for at least 40 hours. 

Standard BMPs:  Surface stabilization BMPs should be implemented on 
site to prevent significant erosion.  All sites shall use a truck wheel wash 
to prevent tracking of sediment off site.   

Sediment Removal and Disposal:   
• Sediment shall be removed from the storage or treatment cells as 

necessary.  Typically, sediment removal is required at least once 
during a wet season and at the decommissioning of the cells.  
Sediment remaining in the cells between batches may enhance the 
settling process and reduce the required chemical dosage. 

• Sediment may be incorporated into the site away from drainages. 
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BMP C251: Construction Stormwater Filtration 

Purpose Filtration removes sediment from runoff originating from disturbed areas 
of the site.  

Conditions of Use Traditional BMPs used to control soil erosion and sediment loss from sites 
under development may not be adequate to ensure compliance with the 
water quality standard for turbidity in the receiving water.  Filtration may 
be used in conjunction with gravity settling to remove sediment as small 
as fine silt (0.5 µm). The reduction in turbidity will be dependent on the 
particle size distribution of the sediment in the stormwater.  In some 
circumstances, sedimentation and filtration may achieve compliance with 
the water quality standard for turbidity. 

Unlike chemical treatment, the use of construction stormwater filtration 
does not require approval from Ecology. 

Filtration may also be used in conjunction with polymer treatment in a 
portable system to assure capture of the flocculated solids. 

Design and 
Installation 
Specifications 

Background Information 

Filtration with sand media has been used for over a century to treat water 
and wastewater.  The use of sand filtration for treatment of stormwater 
has developed recently, generally to treat runoff from streets, parking lots, 
and residential areas.  The application of filtration to construction 
stormwater treatment is currently under development. 

Two types of filtration systems may be applied to construction stormwater 
treatment: rapid and slow.  Rapid sand filters are the typical system used 
for water and wastewater treatment.  They can achieve relatively high 
hydraulic flow rates, on the order of 2 to 20 gpm/sf, because they have 
automatic backwash systems to remove accumulated solids.  In contrast, 
slow sand filters have very low hydraulic rates, on the order of 0.02 
gpm/sf, because they do not have backwash systems.  To date, slow sand 
filtration has generally been used to treat stormwater.  Slow sand filtration 
is mechanically simple in comparison to rapid sand filtration but requires a 
much larger filter area.  

Filtration Equipment.  Sand media filters are available with automatic 
backwashing features that can filter to 50 µm particle size.  Screen or bag 
filters can filter down to 5 µm.  Fiber wound filters can remove particles 
down to 0.5 µm.  Filters should be sequenced from the largest to the 
smallest pore opening.  Sediment removal efficiency will be related to 
particle size distribution in the stormwater. 

Treatment Process Description.  Stormwater is collected at interception 
point(s) on the site and is diverted to a sediment pond or tank for removal 
of large sediment and storage of the stormwater before it is treated by the 
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filtration system.  The stormwater is pumped from the trap, pond, or tank 
through the filtration system in a rapid sand filtration system.  Slow sand 
filtration systems are designed as flow through systems using gravity. 

If large volumes of concrete are being poured, pH adjustment may be 
necessary.   

Maintenance 
Standards 

Rapid sand filters typically have automatic backwash systems that are 
triggered by a pre-set pressure drop across the filter.  If the backwash 
water volume is not large or substantially more turbid than the 
stormwater stored in the holding pond or tank, backwash return to the 
pond or tank may be appropriate.  However, land application or 
another means of treatment and disposal may be necessary. 

• Screen, bag, and fiber filters must be cleaned and/or replaced when 
they become clogged. 

• Sediment shall be removed from the storage and/or treatment ponds as 
necessary.  Typically, sediment removal is required once or twice 
during a wet season and at the decommissioning of the ponds.  
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Table 4.7 

Mulch Standards and Guidelines 
Mulch 

Material Quality Standards 
Application 

Rates Remarks 
Straw Air-dried; free from 

undesirable seed and 
coarse material. 

2"-3" thick; 5 
bales per 1000 
SF or 2-3 tons 
per acre 

Cost-effective protection when applied with adequate 
thickness.  Hand-application generally requires greater 
thickness than blown straw. The thickness of straw may be 
reduced by half when used in conjunction with seeding.  In 
windy areas straw must be held in place by crimping, using a 
tackifier, or covering with netting.  Blown straw always has 
to be held in place with a tackifier as even light winds will 
blow it away. Straw, however, has several deficiencies that 
should be considered when selecting mulch materials. It 
often introduces and/or encourages the propagation of weed 
species and it has no significant long-term benefits.  Straw 
should be used only if mulches with long-term benefits are 
unavailable locally.  It should also not be used within the 
ordinary high-water elevation of surface waters (due to 
flotation). 

Hydromulch No growth 
inhibiting factors. 

Approx. 25-30 
lbs per 1000 SF 
or 1500  - 2000 
lbs per acre 

Shall be applied with hydromulcher.  Shall not be used 
without seed and tackifier unless the application rate is at 
least doubled.   Fibers longer than about ¾-1 inch clog 
hydromulch equipment.  Fibers should be kept to less than ¾ 
inch. 

Composted 
Mulch and 
Compost 

No visible water or 
dust during 
handling.  Must be 
purchased from 
supplier with Solid 
Waste Handling 
Permit (unless 
exempt). 

2" thick min.; 
approx. 100 tons 
per acre (approx. 
800 lbs per yard) 

More effective control can be obtained by increasing 
thickness to 3".  Excellent mulch for protecting final grades 
until landscaping because it can be directly seeded or tilled 
into soil as an amendment.  Composted mulch has a coarser 
size gradation than compost. It is more stable and practical 
to use in wet areas and during rainy weather conditions. 

Chipped Site 
Vegetation 

Average size shall 
be several inches.  
Gradations from 
fines to 6 inches in 
length for texture, 
variation, and 
interlocking 
properties. 

2" minimum 
thickness 

This is a cost-effective way to dispose of debris from 
clearing and grubbing, and it eliminates the problems 
associated with burning.  Generally, it should not be used on 
slopes above approx. 10% because of its tendency to be 
transported by runoff.  It is not recommended within 200 
feet of surface waters.  If seeding is expected shortly after 
mulch, the decomposition of the chipped vegetation may tie 
up nutrients important to grass establishment.  

Wood-based 
Mulch 

No visible water or 
dust during 
handling.  Must be 
purchased from a 
supplier with a Solid 
Waste Handling 
Permit or one 
exempt from solid 
waste regulations. 

2” thick; approx. 
100 tons per acre 
(approx. 800 lbs. 
per cubic yard) 

This material is often called “hog or hogged fuel.”  It is 
usable as a material for Stabilized Construction Entrances 
(BMP C105) and as a mulch.  The use of mulch ultimately 
improves the organic matter in the soil.  Special caution is 
advised regarding the source and composition of wood-
based mulches.  Its preparation typically does not provide 
any weed seed control, so evidence of residual vegetation in 
its composition or known inclusion of weed plants or seeds 
should be monitored and prevented (or minimized). 
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BMP C250:  Construction Stormwater Chemical Treatment 

Purpose This BMP applies when using stormwater chemicals in batch treatment or  
flow-through treatment. 

 Turbidity is difficult to control once fine particles are suspended in 
stormwater runoff from a construction site.  Sedimentation ponds are 
effective at removing larger particulate matter by gravity settling, but are 
ineffective at removing smaller particulates such as clay and fine silt.  
Traditional erosion and sediment control BMPs may not be adequate to 
ensure compliance with the water quality standards for turbidity in 
receiving water.   

Chemical treatment can reliably provide exceptional reductions of 
turbidity and associated pollutants.  Chemical treatment may be required 
to meet turbidity stormwater discharge requirements, especially when 
construction is to proceed through the wet season. 

Conditions of Use Formal written approval from Ecology is required for the use of 
chemical treatment regardless of site size.  The Local Permitting 
Authority may also require review and approval.  When approved, 
the chemical treatment system must be included in the Stormwater 
Pollution Prevention Plan (SWPPP).  

Design and 
Installation 
Specifications 

See Appendix II-B for background information on chemical treatment. 

Criteria for Chemical Treatment Product Use:  Chemically treated 
stormwater discharged from construction sites must be nontoxic to aquatic 
organisms.  The Chemical Technology Assessment Protocol (CTAPE) 
must be used to evaluate chemicals proposed for stormwater treatment.  
Only chemicals approved by Ecology under the CTAPE may be used for 
stormwater treatment.  The approved chemicals, their allowable 
application techniques (batch treatment or flow-through treatment), 
allowable application rates, and conditions of use can be found at the 
Department of Ecology Emerging Technologies website: 
http://www.ecy.wa.gov/programs/wq/stormwater/newtech/index.html 

Treatment System Design Considerations:  The design and operation of 
a chemical treatment system should take into consideration the factors that 
determine optimum, cost-effective performance.  It is important to 
recognize the following: 

• Only Ecology approved chemicals may be used and must follow 
approved dose rates.   

• The pH of the stormwater must be in the proper range for the polymers 
to be effective, which is typically 6.5 to 8.5.   

• The coagulant must be mixed rapidly into the water to ensure proper 
dispersion. 

http://www.ecy.wa.gov/programs/wq/stormwater/newtech/index.html


 

• A flocculation step is important to increase the rate of settling, to 
produce the lowest turbidity, and to keep the dosage rate as low as 
possible. 

• Too little energy input into the water during the flocculation phase 
results in flocs that are too small and/or insufficiently dense.  Too 
much energy can rapidly destroy floc as it is formed. 

• Care must be taken in the design of the withdrawal system to minimize 
outflow velocities and to prevent floc discharge.  Discharge from a 
batch treatment system should be directed through a physical filter 
such as a vegetated swale that would catch any unintended floc 
discharge.  Currently, flow-through systems always discharge through 
the chemically enhanced sand filtration system. 

• System discharge rates must take into account downstream 
conveyance integrity. 

 

Polymer Batch Treatment Process Description:   

A batch chemical treatment system consists of the stormwater collection 
system (either temporary diversion or the permanent site drainage system), 
an untreated stormwater storage pond, pumps, a chemical feed system, 
treatment cells, and interconnecting piping. 

The batch treatment system shall use a minimum of two lined treatment 
cells in addition to the untreated stormwater storage pond.  Multiple 
treatment cells allow for clarification of treated water while other cells are 
being filled or emptied.  Treatment cells may be ponds or tanks.  Ponds 
with constructed earthen embankments greater than six feet high require 
special engineering analyses. 

Stormwater is collected at interception point(s) on the site and is diverted 
by gravity or by pumping to an untreated stormwater storage pond or other 
untreated stormwater holding area.  The stormwater is stored until 
treatment occurs.  It is important that the holding pond be large enough to 
provide adequate storage.  

The first step in the treatment sequence is to check the pH of the 
stormwater in the untreated stormwater storage pond.  The pH is adjusted 
by the application of carbon dioxide or a base until the stormwater in the 
storage pond is within the desired pH range, 6.5 to 8.5.  When used, 
carbon dioxide is added immediately downstream of the transfer pump.  
Typically sodium bicarbonate (baking soda) is used as a base, although 
other bases may be used.  When needed, base is added directly to the 
untreated stormwater storage pond.  The stormwater is recirculated with 
the treatment pump to provide mixing in the storage pond.  Initial pH 
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adjustments should be based on daily bench tests.  Further pH adjustments 
can be made at any point in the process. 

Once the stormwater is within the desired pH range (dependant on 
polymer being used), the stormwater is pumped from the untreated 
stormwater storage pond to a treatment cell as polymer is added.  The 
polymer is added upstream of the pump to facilitate rapid mixing.  

After polymer addition, the water is kept in a lined treatment cell for 
clarification of the sediment-floc.  In a batch mode process, clarification 
typically takes from 30 minutes to several hours.  Prior to discharge 
samples are withdrawn for analysis of pH and turbidity.  If both are 
acceptable, the treated water is discharged.  

Several configurations have been developed to withdraw treated water 
from the treatment cell.  The original configuration is a device that 
withdraws the treated water from just beneath the water surface using a 
float with adjustable struts that prevent the float from settling on the cell 
bottom.  This reduces the possibility of picking up sediment-floc from the 
bottom of the pond.  The struts are usually set at a minimum clearance of 
about 12 inches; that is, the float will come within 12 inches of the bottom 
of the cell.  Other systems have used vertical guides or cables which 
constrain the float, allowing it to drift up and down with the water level.  
More recent designs have an H-shaped array of pipes, set on the 
horizontal.   

This scheme provides for withdrawal from four points rather than one.  
This configuration reduces the likelihood of sucking settled solids from 
the bottom.  It also reduces the tendency for a vortex to form. Inlet 
diffusers, a long floating or fixed pipe with many small holes in it, are also 
an option. 

Safety is a primary concern.  Design should consider the hazards 
associated with operations, such as sampling. Facilities should be designed 
to reduce slip hazards and drowning.  Tanks and ponds should have life 
rings, ladders, or steps extending from the bottom to the top. 

Polymer Flow-Through Treatment Process Description:  

At a minimum, a flow-through chemical treatment system consists of the 
stormwater collection system (either temporary diversion or the permanent 
site drainage system), an untreated stormwater storage pond, and the 
chemically enhanced sand filtration system.   

Stormwater is collected at interception point(s) on the site and is diverted 
by gravity or by pumping to an untreated stormwater storage pond or other 
untreated stormwater holding area.  The stormwater is stored until 
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treatment occurs.  It is important that the holding pond be large enough to 
provide adequate storage. 

Stormwater is then pumped from the untreated stormwater storage pond to 
the chemically enhanced sand filtration system where polymer is added.  
Adjustments to pH may be necessary before chemical addition.  The sand 
filtration system continually monitors the stormwater for turbidity and pH.  
If the discharge water is ever out of an acceptable range for turbidity or 
pH, the water is recycled to the untreated stormwater pond where it can be 
retreated.   

For batch treatment and flow-through treatment, the following 
equipment should be located in a lockable shed:  

• the chemical injector;  

• secondary non-corrosive containment for acid, caustic, buffering 
compound, and treatment chemical;  

• emergency shower and eyewash, and  

• monitoring equipment. 

 

System Sizing 
Certain sites are required to implement flow control for the developed 
sites.  These sites must also control stormwater release rates during 
construction.  Generally, these are sites that discharge stormwater directly, 
or indirectly, through a conveyance system, into a fresh water.    System 
sizing is dependent on flow control requirements.     

 

Sizing Criteria for Batch Treatment Systems for Flow Control 
Exempt Water Bodies:   

The total volume of the untreated stormwater storage pond and treatment 
ponds or tanks must be large enough to treat the volume of stormwater 
that is produced during multiple day storm events.  It is recommended that 
at a minimum the untreated stormwater storage pond be sized to hold 1.5 
times the runoff volume of the 10-year, 24-hour storm event.  Bypass 
should be provided around the chemical treatment system to accommodate 
extreme storm events.  Runoff volume shall be calculated using the 
methods presented in Volume 3, Chapter 2.  Worst-case land cover 
conditions (i.e., producing the most runoff) should be used for analyses (in 
most cases, this would be the land cover conditions just prior to final 
landscaping).    

Primary settling should be encouraged in the untreated stormwater storage 
pond.  A forebay with access for maintenance may be beneficial. 
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There are two opposing considerations in sizing the treatment cells.  A 
larger cell is able to treat a larger volume of water each time a batch is 
processed.  However, the larger the cell the longer the time required to 
empty the cell.  A larger cell may also be less effective at flocculation and 
therefore require a longer settling time.  The simplest approach to sizing 
the treatment cell is to multiply the allowable discharge flow rate times the 
desired drawdown time.  A 4-hour drawdown time allows one batch per 
cell per 8-hour work period, given 1 hour of flocculation followed by two 
hours of settling.  

If the discharge is directly to a lake, flow control exempt receiving water 
listed in Appendix E of Volume I, or to an infiltration system, there is no 
discharge flow limit.   

Ponds sized for flow control water bodies must at a minimum meet the 
sizing criteria for flow control exempt waters.     

 

Sizing Criteria for Flow-Through Treatment Systems for Flow 
Control Exempt Water Bodies: 
When sizing storage ponds or tanks for flow-through systems for flow 
control exempt water bodies, the treatment system capacity should be a 
factor.  The untreated stormwater storage pond or tank should be sized to 
hold 1.5 times the runoff volume of the 10-year, 24-hour storm event 
minus the treatment system flowrate for an 8-hour period.  For a chitosan-
enhanced sand filtration system, the treatment system flowrate should be 
sized using a hydraulic loading rate between 6-8 gpm/ft².  Other hydraulic 
loading rates may be more appropriate for other systems.  Bypass should 
be provided around the chemical treatment system to accommodate 
extreme storms.  Runoff volume shall be calculated using the methods 
presented in Volume 3, Chapter 2.  Worst-case land cover conditions (i.e., 
producing the most runoff) should be used for analyses (in most cases, this 
would be the land cover conditions just prior to final landscaping).    

         

Sizing Criteria for Flow Control Water Bodies: 
Sites that must implement flow control for the developed site condition 
must also control stormwater release rates during construction.  
Construction site stormwater discharges shall not exceed the discharge 
durations of the pre-developed condition for the range of pre-developed 
discharge rates from ½ of the 2-year flow through the 10-year flow as 
predicted by an approved continuous runoff model.  The pre-developed 
condition to be matched shall be the land cover condition immediately 
prior to the development project.  This restriction on release rates can 
affect the size of the storage pond and treatment cells.   

The following is how WWHM can be used to determine the release rates 
from the chemical treatment systems: 
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1. Determine the pre-developed flow durations to be matched by 
entering the land use area under the “Pre-developed” scenario in 
WWHM.  The default flow range is from ½ of the 2-year flow 
through the 10-year flow. 

2. Enter the post developed land use area in the “Developed 
Unmitigated” scenario in WWHM.  

3. Copy the land use information from the “Developed Unmitigated” 
to “Developed Mitigated” scenario.   

4. While in the “Developed Mitigated” scenario, add a pond element 
under the basin element containing the post-developed land use 
areas.  This pond element represents information on the available 
untreated stormwater storage and discharge from the chemical 
treatment system.  In cases where the discharge from the chemical 
treatment system is controlled by a pump, a 
stage/storage/discharge (SSD) table representing the pond must be 
generated outside WWHM and imported into WWHM.  WWHM 
can route the runoff from the post-developed condition through 
this SSD table (the pond) and determine compliance with the flow 
duration standard.  This would be an iterative design procedure 
where if the initial SSD table proved to be inadequate, the designer 
would have to modify the SSD table outside WWHM and re-
import in WWHM and route the runoff through it again.  The 
iteration will continue until a pond that complies with the flow 
duration standard is correctly sized. 

Notes on SSD table characteristics: 

• The pump discharge rate would likely be initially set at just 
below ½ of the 2-year flow from the pre-developed condition.  
As runoff coming into the untreated stormwater storage pond 
increases and the available untreated stormwater storage 
volume gets used up, it would be necessary to increase the 
pump discharge rate above ½ of the 2-year.  The increase(s) 
above ½ of the 2-year must be such that they provide some 
relief to the untreated stormwater storage needs but at the same 
time will not cause violations of the flow duration standard at 
the higher flows.  The final design SSD table will identify the 
appropriate pumping rates and the corresponding stage and 
storages. 

• When building such a flow control system, the design must 
ensure that any automatic adjustments to the pumping rates 
will be as a result of changes to the available storage in 
accordance with the final design SSD table. 

5. It should be noted that the above procedures would be used to meet 
the flow control requirements.  The chemical treatment system 
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must be able to meet the runoff treatment requirements.  It is likely 
that the discharge flow rate of ½ of the 2-year or more may exceed 
the treatment capacity of the system.  If that is the case, the 
untreated stormwater discharge rate(s) (i.e., influent to the 
treatment system) must be reduced to allow proper treatment.  Any 
reduction in the flows would likely result in the need for a larger 
untreated stormwater storage volume. 

• If the discharge is to a municipal storm drainage system, the allowable 
discharge rate may be limited by the capacity of the public system.  It 
may be necessary to clean the municipal storm drainage system prior 
to the start of the discharge to prevent scouring solids from the 
drainage system.  If the municipal storm drainage system discharges to 
a water body not on the flow control exempt list, the project site is 
subject to flow control requirements.   

 

If system design does not allow you to discharge at the slower rates as 
described above and if the site has a retention or detention pond that will 
serve the planned development, the discharge from the treatment system 
may be directed to the permanent retention/detention pond to comply with 
the flow control requirement.  In this case, the untreated stormwater 
storage pond and treatment system will be sized according to the sizing 
criteria for flow-through treatment systems for flow control exempt water 
bodies described earlier except all discharge (water passing through the 
treatment system and stormwater bypassing the treatment system) will be 
directed into the permanent retention/detention pond.  If site constraints 
make locating the untreated stormwater storage pond difficult, the 
permanent retention/detention pond may be divided to serve as the 
untreated stormwater storage pond and the post-treatment flow control 
pond.  A berm or barrier must be used in this case so the untreated water 
does not mix with the treated water.  Both untreated stormwater storage 
requirements, and adequate post-treatment flow control must be achieved.  
The post-treatment flow control pond’s revised dimensions must be 
entered into the WWHM and the WWHM must be run to confirm 
compliance with the flow control requirement. 

 

Maintenance 
Standards 

Monitoring:  At a minimum, the following monitoring shall be 
conducted.  Test results shall be recorded on a daily log kept on site.  
Additional testing may be required by the NPDES permit based on site 
conditions 

Operational Monitoring 

• Total volume treated and discharged 

• Flow must be continuously monitored and recorded at not greater than 
15-minute intervals 



 

• Type and amount of chemical used for pH adjustment, if any 

• Quantity of chemical used for treatment 

• Settling time 

Compliance Monitoring 

• Influent and effluent pH and turbidity must be continuously monitored 
and recorded at not greater than 15-minute intervals. 

• pH and turbidity of the receiving water 

Biomonitoring  

Treated stormwater must be non-toxic to aquatic organisms.  Treated 
stormwater must be tested for aquatic toxicity or residual chemical 
content.  Frequency of biomonitoring will be determined by Ecology.     

Residual chemical tests must be approved by Ecology prior to their use. 

If testing treated stormwater for aquatic toxicity, you must test for acute 
(lethal) toxicity.  Bioassays shall be conducted by a laboratory accredited 
by Ecology, unless otherwise approved by Ecology.  Acute toxicity tests 
shall be conducted per the CTAPE protocol.   

Discharge Compliance:  Prior to discharge, treated stormwater must 
be sampled and tested for compliance with pH and turbidity limits.  
These limits may be established by the Construction Stormwater General 
Permit or a site-specific discharge permit.  Sampling and testing for other 
pollutants may also be necessary at some sites.  pH must be within the 
range of 6.5 to 8.5 standard units and not cause a change in the pH of the 
receiving water of more than 0.2 standard units.   

Treated stormwater samples and measurements shall be taken from the 
discharge pipe or another location representative of the nature of the 
treated stormwater discharge.  Samples used for determining compliance 
with the water quality standards in the receiving water shall not be taken 
from the treatment pond prior to decanting.  Compliance with the water 
quality standards is determined in the receiving water. 

Operator Training:  Each contractor who intends to use chemical 
treatment shall be trained by an experienced contractor on an active site.  

Standard BMPs:  Surface stabilization BMPs should be implemented on 
site to prevent significant erosion.  All sites shall use a truck wheel wash 
to prevent tracking of sediment off site.   
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Sediment Removal and Disposal:   

• Sediment shall be removed from the storage or treatment cells as 
necessary.  Typically, sediment removal is required at least once 
during a wet season and at the decommissioning of the cells.  
Sediment remaining in the cells between batches may enhance the 
settling process and reduce the required chemical dosage. 

• Sediment that is known to be non-toxic may be incorporated into the 
site away from drainages. 
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BMP C251: Construction Stormwater Filtration 

Purpose Filtration removes sediment from runoff originating from disturbed areas 
of the site.  

Conditions of Use Traditional BMPs used to control soil erosion and sediment loss from sites 
under development may not be adequate to ensure compliance with the 
water quality standard for turbidity in the receiving water.  Filtration may 
be used in conjunction with gravity settling to remove sediment as small 
as fine silt (0.5 µm). The reduction in turbidity will be dependent on the 
particle size distribution of the sediment in the stormwater.  In some 
circumstances, sedimentation and filtration may achieve compliance with 
the water quality standard for turbidity. 

The use of construction stormwater filtration does not require approval 
from Ecology as long as treatment chemicals are not used.  Filtration in 
conjunction with polymer treatment requires testing under the Chemical 
Technology Assessment Protocol – Ecology (CTAPE) before it can be 
initiated.  Approval from the appropriate regional Ecology office must be 
obtained at each site where polymers use is proposed prior to use.  For 
more guidance on stormwater chemical treatment see BMP C250. 

Background Information  

Filtration with sand media has been used for over a century to treat water 
and wastewater.  The use of sand filtration for treatment of stormwater has 
developed recently, generally to treat runoff from streets, parking lots, and 
residential areas.  The application of filtration to construction stormwater 
is currently under development. 

Design and Installation Specifications  
Two types of filtration systems may be applied to construction stormwater 
treatment: rapid and slow.  Rapid sand filters are the typical system used 
for water and wastewater treatment.  They can achieve relatively high 
hydraulic flow rates, on the order of 2 to 20 gpm/sf, because they have 
automatic backwash systems to remove accumulated solids.  In contrast, 
slow sand filters have very low hydraulic rates, on the order of 0.02 
gpm/sf, because they do not have backwash systems.  To date, slow sand 
filtration has generally been used to treat stormwater.  Slow sand filtration 
is mechanically simple in comparison to rapid sand filtration but requires a 
much larger filter area.  

Filtration Equipment.  Sand media filters are available with automatic 
backwashing features that can filter to 50 µm particle size.  Screen or bag 
filters can filter down to 5 µm.  Fiber wound filters can remove particles 
down to 0.5 µm.  Filters should be sequenced from the largest to the 
smallest pore opening.  Sediment removal efficiency will be related to 
particle size distribution in the stormwater. 
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Treatment Process Description.  Stormwater is collected at interception 
point(s) on the site and is diverted to an untreated stormwater sediment 
pond or tank for removal of large sediment and storage of the stormwater 
before it is treated by the filtration system.  The untreated stormwater is 
pumped from the trap, pond, or tank through the filtration system in a 
rapid sand filtration system.  Slow sand filtration systems are designed as 
flow through systems using gravity. 

   

Maintenance 
Standards 

Rapid sand filters typically have automatic backwash systems that are 
triggered by a pre-set pressure drop across the filter.  If the backwash 
water volume is not large or substantially more turbid than the untreated 
stormwater stored in the holding pond or tank, backwash return to the 
untreated stormwater pond or tank may be appropriate.  However, other 
means of treatment and disposal may be necessary. 

• Screen, bag, and fiber filters must be cleaned and/or replaced when 
they become clogged. 

• Sediment shall be removed from the storage and/or treatment ponds as 
necessary.  Typically, sediment removal is required once or twice 
during a wet season and at the decommissioning of the ponds.  

 
Sizing Criteria for Flow-Through Treatment Systems for Flow 
Control Exempt Water Bodies: 
When sizing storage ponds or tanks for flow-through systems for flow 
control exempt water bodies the treatment system capacity should be a 
factor.  The untreated stormwater storage pond or tank should be sized to 
hold 1.5 times the runoff volume of the 10-year, 24-hour storm event 
minus the treatment system flowrate for an 8-hour period.  For a chitosan-
enhanced sand filtration system, the treatment system flowrate should be 
sized using a hydraulic loading rate between 6-8 gpm/ft².  Other hydraulic 
loading rates may be more appropriate for other systems.  Bypass should 
be provided around the chemical treatment system to accommodate 
extreme storms.  Runoff volume shall be calculated using the methods 
presented in Volume 3, Chapter 2.  Worst-case conditions (i.e., producing 
the most runoff) should be used for analyses (most likely conditions 
present prior to final landscaping).    

 
Sizing Criteria for Flow Control Water Bodies: 
 
Sites that must implement flow control for the developed site condition 
must also control stormwater release rates during construction.  
Construction site stormwater discharges shall not exceed the discharge 
durations of the pre-developed condition for the range of pre-developed 
discharge rates from 1/2 of the 2-year flow through the 10-year flow as 
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predicted by an approved continuous runoff model.  The pre-developed 
condition to be matched shall be the land cover condition immediately 
prior to the development project.  This restriction on release rates can 
affect the size of the storage pond, the filtration system, and the flow rate 
through the filter system.   
 
The following is how WWHM can be used to determine the release rates 
from the filtration systems: 

1. Determine the pre-developed flow durations to be matched by 
entering the land use area under the “Pre-developed” scenario in 
WWHM.  The default flow range is from ½ of the 2-year flow 
through the 10-year flow. 

2. Enter the post developed land use area in the “Developed 
Unmitigated” scenario in WWHM.  

3. Copy the land use information from the “Developed Unmitigated” 
to “Developed Mitigated” scenario.   

4. There are two possible ways to model stormwater filtration 
systems: 

4a. The stormwater filtration system uses an untreated stormwater 
storage pond/tank and the discharge from this pond/tank is pumped 
to one or more filters.  In-line filtration chemicals would be added 
to the flow right after the pond/tank and before the filter(s).  
Because the discharge is pumped, WWHM can’t generate a 
stage/storage /discharge (SSD) table for this system.  This system 
is modeled the same way as described in BMP C250 and is as 
follows: 

While in the “Developed Mitigated” scenario, add a pond element 
under the basin element containing the post-developed land use 
areas.  This pond element represents information on the available 
untreated stormwater storage and discharge from the filtration 
system.  In cases where the discharge from the filtration system is 
controlled by a pump, a stage/storage/discharge (SSD) table 
representing the pond must be generated outside WWHM and 
imported into WWHM.  WWHM can route the runoff from the 
post-developed condition through this SSD table (the pond) and 
determine compliance with the flow duration standard.  This would 
be an iterative design procedure where if the initial SSD table 
proved to be out of compliance, the designer would have to modify 
the SSD table outside WWHM and re-import in WWHM and route 
the runoff through it again.  The iteration will continue until a pond 
that enables compliance with the flow duration standard is 
designed. 

Notes on SSD table characteristics: 
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• The pump discharge rate would likely be initially set at just 
below ½ if the 2-year flow from the pre-developed condition.  
As runoff coming into the untreated stormwater storage pond 
increases and the available untreated stormwater storage 
volume gets used up, it would be necessary to increase the 
pump discharge rate above ½ of the 2-year.  The increase(s) 
above ½ of the 2-year must be such that they provide some 
relief to the untreated stormwater storage needs but at the same 
time they will not cause violations of the flow duration 
standard at the higher flows.  The final design SSD table will 
identify the appropriate pumping rates and the corresponding 
stage and storages. 

• When building such a flow control system, the design must 
ensure that any automatic adjustments to the pumping rates 
will be as a result of changes to the available storage in 
accordance with the final design SSD table. 

4b. The stormwater filtration system uses a storage pond/tank and 
the discharge from this pond/tank gravity flows to the filter.  This 
is usually a slow sand filter system and it is possible to model it in 
WWHM as a Filter element or as a combination of Pond and Filter 
element placed in series.  The stage/storage/discharge table(s) may 
then be generated within WWHM as follows: 

(i) While in the “Developed Mitigated” scenario, add a Filter 
element under the basin element containing the post-
developed land use areas.  The length and width of this 
filter element would have to be the same as the bottom 
length and width of the upstream untreated stormwater 
storage pond/tank.   

(ii) In cases where the length and width of the filter is not the 
same as those for the bottom of the upstream untreated 
stormwater storage tank/pond, the treatment system may be 
modeled as a Pond element followed by a Filter element.  
By having these two elements, WWHM would then 
generate a SSD table for the storage pond which then 
gravity flows to the Filter element.  The Filter element 
downstream of the untreated stormwater storage pond 
would have a storage component through the media, and an 
overflow component for when the filtration capacity is 
exceeded.   

WWHM can route the runoff from the post-developed condition 
through the treatment systems in 4b and determine compliance 
with the flow duration standard.  This would be an iterative design 
procedure where if the initial sizing estimates for the treatment 
system proved to be inadequate, the designer would have to 
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modify the system and route the runoff through it again.  The 
iteration would continue until compliance with the flow duration 
standard is achieved.   

5. It should be noted that the above procedures would be used to meet 
the flow control requirements.  The filtration system must be able 
to meet the runoff treatment requirements.  It is likely that the 
discharge flow rate of ½ of the 2-year or more may exceed the 
treatment capacity of the system.  If that is the case, the untreated 
stormwater discharge rate(s) (i.e., influent to the treatment system) 
must be reduced to allow proper treatment.  Any reduction in the 
flows would likely result in the need for a larger untreated 
stormwater storage volume. 

 
 If system design does not allow you to discharge at the slower rates as 
described above and if the site has a retention or detention pond that will 
serve the planned development, the discharge from the treatment system 
may be directed to the permanent retention/detention pond to comply with 
the flow control requirements.  In this case, the untreated stormwater 
storage pond and treatment system will be sized according to the sizing 
criteria for flow-through treatment systems for flow control exempt 
waterbodies described earlier except all discharges (water passing through 
the treatment system and stormwater bypassing the treatment system) will 
be directed into the permanent retention/detention pond.  If site constraints 
make locating the untreated stormwater storage pond difficult, the 
permanent retention/detention pond may be divided to serve as the 
untreated stormwater discharge pond and the post-treatment flow control 
pond.  A berm or barrier must be used in this case so the untreated water 
does not mix with the treated water.  Both untreated stormwater storage 
requirements, and adequate post-treatment flow control must be achieved.  
The post-treatment flow control pond’s revised dimensions must be 
entered into the WWHM and the WWHM must be run to confirm 
compliance with the flow control requirement. 



 

Appendix II-B 
Background Information on Chemical Treatment 
Coagulation and flocculation have been used for over a century to treat water.  It is used 
less frequently for the treatment of wastewater.  The use of coagulation and flocculation 
for treating stormwater is a very recent application.  Experience with the treatment of 
water and wastewater has resulted in a basic understanding of the process, in particular 
factors that affect performance.  This experience can provide insights as to how to most 
effectively design and operate similar systems in the treatment of stormwater. 

Fine particles suspended in water give it a milky appearance, measured as turbidity.  
Their small size, often much less than 1 µm in diameter, give them a very large surface 
area relative to their volume.  These fine particles typically carry a negative surface 
charge.  Largely because of these two factors, small size and negative charge, these 
particles tend to stay in suspension for extended periods of time.  Thus, removal is not 
practical by gravity settling.  These are called stable suspensions.  Polymers, as well as 
inorganic chemicals such as alum, speed the process of clarification.   The added 
chemical destabilizes the suspension and causes the smaller particles to agglomerate.  
The process consists of three steps:  coagulation, flocculation, and settling or 
clarification.  Each step is explained below as well as the factors that affect the efficiency 
of the process. 

Coagulation:  Coagulation is the first step.  It is the process by which negative charges on 
the fine particles that prevent their agglomeration are disrupted.  Chemical addition is one 
method of destabilizing the suspension, and polymers are one class of chemicals that are 
generally effective.  Chemicals that are used for this purpose are called coagulants. 
Coagulation is complete when the suspension is destabilized by the neutralization of the 
negative charges.  Coagulants perform best when they are thoroughly and evenly 
dispersed under relatively intense mixing.  This rapid mixing involves adding the 
coagulant in a manner that promotes rapid dispersion, followed by a short time period for 
destabilization of the particle suspension.  The particles are still very small and are not 
readily separated by clarification until flocculation occurs. 

Flocculation:  Flocculation is the process by which fine particles that have been 
destabilized bind together to form larger particles that settle rapidly.  Flocculation begins 
naturally following coagulation, but is enhanced by gentle mixing of the destabilized 
suspension.  Gentle mixing helps to bring particles in contact with one another such that 
they bind and continually grow to form "flocs."  As the size of the flocs increases they 
become heavier and tend to settle more rapidly. 

Clarification:  The final step is the settling of the particles.  Particle density, size and 
shape are important during settling.  Dense, compact flocs settle more readily than less 
dense, fluffy flocs.  Because of this, flocculation to form dense, compact flocs is 
particularly important during water treatment.  Water temperature is important during 
settling.  Both the density and viscosity of water are affected by temperature; these in turn 
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affect settling.  Cold temperatures increase viscosity and density, thus slowing down the 
rate at which the particles settle. 

The conditions under which clarification is achieved can affect performance.  Currents 
can affect settling.  Currents can be produced by wind, by differences between the 
temperature of the incoming water and the water in the clarifier, and by flow conditions 
near the inlets and outlets.  Quiescent water such as that which occurs during batch 
clarification provides a good environment for effective performance as many of these 
factors become less important in comparison to typical sedimentation basins.  One source 
of currents that is likely important in batch systems is movement of the water leaving the 
clarifier unit.  Given that flocs are relatively small and light the exit velocity of the water 
must be as low as possible.  Sediment on the bottom of the basin can be resuspended and 
removed by fairly modest velocities.   

Coagulants:  Polymers are large organic molecules that are made up of subunits linked 
together in a chain-like structure.  Attached to these chain-like structures are other groups 
that carry positive or negative charges, or have no charge.  Polymers that carry groups 
with positive charges are called cationic, those with negative charges are called anionic, 
and those with no charge (neutral) are called nonionic.   

Cationic polymers can be used as coagulants to destabilize negatively charged turbidity 
particles present in natural waters, wastewater and stormwater.  Aluminum sulfate (alum) 
can also be used as this chemical becomes positively charged when dispersed in water.  
In practice, the only way to determine whether a polymer is effective for a specific 
application is to perform preliminary or on-site testing.  

Polymers are available as powders, concentrated liquids, and emulsions (which appear as 
milky liquids).  The latter are petroleum based, which are not allowed for construction 
stormwater treatment.  Polymer effectiveness can degrade with time and also from other 
influences.  Thus, manufacturers' recommendations for storage should be followed.  
Manufacturer’s recommendations usually do not provide assurance of water quality 
protection or safety to aquatic organisms.  Consideration of water quality protection is 
necessary in the selection and use of all polymers. 

Application Considerations:  Application of coagulants at the appropriate concentration 
or dosage rate for optimum turbidity removal is important for management of chemical 
cost, for effective performance, and to avoid aquatic toxicity.  The optimum dose in a 
given application depends on several site-specific features.  Turbidity of untreated water 
can be important with turbidities greater than 5,000 NTU.  The surface charge of particles 
to be removed is also important.  Environmental factors that can influence dosage rate are 
water temperature, pH, and the presence of constituents that consume or otherwise affect 
polymer effectiveness.  Laboratory experiments indicate that mixing previously settled 
sediment (floc sludge) with the untreated stormwater significantly improves clarification, 
therefore reducing the effective dosage rate.  Preparation of working solutions and 
thorough dispersal of polymers in water to be treated is also important to establish the 
appropriate dosage rate. 

February 2005 Volume II – Construction Stormwater Pollution Prevention 16 



 

For a given water sample, there is generally an optimum dosage rate that yields the 
lowest residual turbidity after settling.  When dosage rates below this optimum value 
(underdosing) are applied, there is an insufficient quantity of coagulant to react with, and 
therefore destabilize, all of the turbidity present.  The result is residual turbidity (after 
flocculation and settling) that is higher than with the optimum dose.  Overdosing, 
application of dosage rates greater than the optimum value, can also negatively impact 
performance.  Again, the result is higher residual turbidity than that with the optimum 
dose.  

Mixing in Coagulation/Flocculation:  The G-value, or just "G,” is often used as a measure 
of the mixing intensity applied during coagulation and flocculation.  The symbol G stands 
for “velocity gradient”, which is related in part to the degree of turbulence generated 
during mixing.  High G-values mean high turbulence, and vice versa.  High G-values 
provide the best conditions for coagulant addition.  With high G's, turbulence is high and 
coagulants are rapidly dispersed to their appropriate concentrations for effective 
destabilization of particle suspensions. 

Low G-values provide the best conditions for flocculation.  Here, the goal is to promote 
formation of dense, compact flocs that will settle readily.  Low G's provide low 
turbulence to promote particle collisions so that flocs can form.  Low G's generate 
sufficient turbulence such that collisions are effective in floc formation, but do not break 
up flocs that have already formed.  

Design engineers wishing to review more detailed presentations on this subject are 
referred to the following textbooks. 

• Fair, G., J. Geyer and D. Okun, Water and Wastewater Engineering, Wiley and Sons, 
NY, 1968. 

• American Water Works Association, Water Quality and Treatment, McGraw-Hill, 
NY, 1990. 

• Weber, W.J., Physiochemical Processes for Water Quality Control, Wiley and Sons, 
NY, 1972. 

Adjustment of the pH and Alkalinity:  The pH must be in the proper range for the 
polymers to be effective, which is 6.5 to 8.5 for Calgon CatFloc 2953, the most 
commonly used polymer.  As polymers tend to lower the pH, it is important that the 
stormwater have sufficient buffering capacity.  Buffering capacity is a function of 
alkalinity.  Without sufficient alkalinity, the application of the polymer may lower the pH 
to below 6.5.  A pH below 6.5 not only reduces the effectiveness of the polymer, it may 
create a toxic condition for aquatic organisms.  Stormwater may not be discharged 
without readjustment of the pH to above 6.5.  The target pH should be within 0.2 
standard units of the receiving water pH. 
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Experience gained at several projects in the City of Redmond has shown that the 
alkalinity needs to be at least 50 mg/L to prevent a drop in pH to below 6.5 when the 
polymer is added.   

 



BMP C252: High pH Neutralization using CO2 
 
Description 
 
When pH levels in stormwater rise above 8.5 it is necessary to lower the pH levels to the 
acceptable range of 6.5 to 8.5, this process is called pH neutralization.  pH neutralization 
involves the use of solid or compressed carbon dioxide gas in water requiring 
neutralization.  Neutralized stormwater may be discharged to surface waters under the 
General Construction NPDES permit but neutralized process water must be managed to 
prevent discharge to surface waters.  Process wastewater includes wastewaters such as 
concrete truck wash-out, hydro-demolition, or saw-cutting slurry.       
 
Reason for pH neutralization 
 
A pH level range of 6.5 to 8.5 is typical for most natural watercourses, and this neutral 
pH is required for the survival of aquatic organisms. Should the pH rise or drop out of 
this range, fish and other aquatic organisms may become stressed and may die.     
 
Calcium hardness can contribute to high pH values and cause toxicity that is associated 
with high pH conditions.  A high level of calcium hardness in waters of the state is not 
allowed.   
 
The water quality standard for pH in Washington State is in the range of 6.5 to 8.5.  
Groundwater standard for calcium and other dissolved solids in Washington State is less 
than 500 mg/l. 
 
Causes of high pH 
 
High pH at construction sites is most commonly caused by the contact of stormwater with 
poured or recycled concrete, cement, mortars, and other Portland cement or lime-
containing construction materials.  (See BMP C151: Concrete Handling for more 
information on concrete handling procedures).  The principal caustic agent in cement is 
calcium hydroxide (free lime). 
 
Advantages of CO2 Sparging 
 
 Rapidly neutralizes high pH water. 
 Cost effective and safer to handle than acid compounds. 
 CO2 is self-buffering.  It is difficult to overdose and create harmfully low pH levels. 
 Material is readily available. 

 
The Chemical Process 
 
When carbon dioxide (CO2) is added to water (H2O), carbonic acid (H2CO3) is formed 
which can further dissociate into a proton (H+) and a bicarbonate anion (HCO3

-) as shown 
below: 



 
 CO2  +  H2O    H2CO3    H+  +  HCO3

- 

 

The free proton is a weak acid that can lower the pH.   
Water temperature has an effect on the reaction as well.  The colder the water 
temperature is the slower the reaction occurs and the warmer the water temperature is the 
quicker the reaction occurs.  Most construction applications in Washington State have 
water temperatures in the 50°F or higher range so the reaction is almost simultaneous. 
 
 
Treatment Procedures  
 
High pH water may be treated using continuous treatment, continuous discharge systems.  
These manufactured systems continuously monitor influent and effluent pH to ensure that 
pH values are within an acceptable range before being discharged.  All systems must 
have fail safe automatic shut off switches in the event that pH is not within the acceptable 
discharge range.  Only trained operators may operate manufactured systems.  System 
manufacturers often provide trained operators or training on their devices.       
 
 
The following procedure may be used when not using a continuous discharge system: 
 
 Prior to treatment, the appropriate jurisdiction should be notified in accordance with 

the regulations set by the jurisdiction.  
 Every effort should be made to isolate the potential high pH water in order to treat it 

separately from other stormwater on-site.   
 Water should be stored in an acceptable storage facility, detention pond, or 

containment cell prior to treatment.   
 Transfer water to be treated to the treatment structure.  Ensure that treatment structure 

size is sufficient to hold the amount of water that is to be treated.  Do not fill tank 
completely, allow at least 2 feet of freeboard. 

 The operator samples the water for pH and notes the clarity of the water.  As a rule of 
thumb, less CO2 is necessary for clearer water.  This information should be recorded.    

 In the pH adjustment structure, add CO2 until the pH falls in the range of 6.9-7.1.  
Remember that pH water quality standards apply so adjusting pH to within 0.2 pH 
units of receiving water (background pH) is recommended.  It is unlikely that pH can 
be adjusted to within 0.2 pH units using dry ice.  Compressed carbon dioxide gas 
should be introduced to the water using a carbon dioxide diffuser located near the 
bottom of the tank, this will allow carbon dioxide to bubble up through the water and 
diffuse more evenly.           

 Slowly release the water to discharge making sure water does not get stirred up in the 
process.  Release about 80% of the water from the structure leaving any sludge 
behind. 

 Discharge treated water through a pond or drainage system.    



 Excess sludge needs to be disposed of properly as concrete waste.  If several batches 
of water are undergoing pH treatment, sludge can be left in treatment structure for the 
next batch treatment.  Dispose of sludge when it fills 50% of tank volume.  

   
 
Sites that must implement flow control for the developed site must also control 
stormwater release rates during construction.  All treated stormwater must go through a 
flow control facility before being released to surface waters which require flow control.  
 
 
Safety and Materials Handling 
 
 All equipment should be handled in accordance with OSHA rules and regulations. 

   
 Follow manufacturer guidelines for materials handling.  

 
Operator Records 
 
Each operator should provide: 

 a diagram of the monitoring and treatment equipment and  
 a description of the pumping rates and capacity the treatment equipment is 

capable of treating. 
 

Each operator should keep a written record of the following: 
 
 client name and phone number, 
 date of treatment, 
 weather conditions, 
 project name and location, 
 volume of water treated, 
 pH of untreated water, 
 amount of CO2 needed to adjust water to a pH range of 6.9-7.1, 
 pH of treated water and, 
 discharge point location and description. 

 
A copy of this record should be given to the client/contractor who should retain the 
record for three years.   



BMP C253: pH Control for High pH Water 
 
Description 
 
When pH levels in stormwater rise above 8.5 it is necessary to lower the pH levels to the 
acceptable range of 6.5 to 8.5, this process is called pH neutralization.  Stormwater with 
pH levels exceeding water quality standards may be treated by infiltration, dispersion in 
vegetation or compost, pumping to a sanitary sewer, disposal at a permitted concrete 
batch plant with pH neutralization capabilities, or carbon dioxide sparging.  BMP C252 
gives guidelines for carbon dioxide sparging.    
 
Reason for pH neutralization 
 
A pH level between 6.5 and 8.5 is typical for most natural watercourses, and this pH 
range is required for the survival of aquatic organisms. Should the pH rise or drop out of 
this range, fish and other aquatic organisms may become stressed and may die.     
 
Causes of high pH 
 
High pH levels at construction sites are most commonly caused by the contact of 
stormwater with poured or recycled concrete, cement, mortars, and other Portland cement 
or lime-containing construction materials.  (See BMP C151: Concrete Handling for more 
information on concrete handling procedures).  The principal caustic agent in cement is 
calcium hydroxide (free lime). 
 
Disposal Methods 
 
Infiltration 
 

• Infiltration is only allowed if soil type allows all water to infiltrate (no surface 
runoff) without causing or contributing to a violation of surface or groundwater 
quality standards. 

 
• Infiltration techniques should be consistent with Volume V, Chapter 7  

 
 
Dispersion 
 
Use BMP T5.30 Full Dispersion 

 
 
Sanitary Sewer Disposal 

 
• Local sewer authority approval is required prior to disposal via the sanitary sewer. 

 
 



Concrete Batch Plant Disposal 

• Only permitted facilities may accept high pH water.

• Facility should be contacted before treatment to ensure they can accept the high
pH water.

Stormwater Discharge 

Any pH treatment options that generate treated water that must be discharged off site are 
subject to flow control requirements.  Sites that must implement flow control for the 
developed site must also control stormwater release rates during construction.  All treated 
stormwater must go through a flow control facility before being released to surface 
waters which require flow control.   
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