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CHAPTER 7 
 

UPGRADING POND EFFLUENTS 
 
7.1  INTRODUCTION 
There are two general ways to upgrade pond effluents: adding a solids removal step or 
making modifications to the pond process.  The selection of the appropriate method to 
achieve a desired effluent quality depends upon the design conditions and effluent limits 
imposed on the facility.  The various methods are discussed in the following sections: 
Solids Removal Methods and Operation Modifications and Additions to Typical Designs. 
 
7.2  SOLIDS REMOVAL METHODS 
The occasional high concentration of TSS in the effluent, which can exceed 100 mg/L, 
has been a major operational challenge to pond systems.  The solids are composed 
primarily of algae and other pond detritus, not wastewater solids.  These high 
concentrations usually occur, during the summer months.  Solids removal mechanisms 
include the use of intermittent sand filters, recirculating sand filters, rock filters, 
coagulation-flocculation and dissolved air flotation.  Nolte & Associates (1992) 
conducted a review of the literature covering recirculating sand filters and intermittent 
sand filters. 
 
7.2.1  Intermittent Sand Filtration 
Intermittent sand filtration applies pond effluent to a sand filter bed on a periodic or 
intermittent basis. The use of intermittent sand filters has a long and successful history of 
treating wastewaters (Massachusetts Board of Health, 1912; Grantham et al., 1949; 
Furman et al., 1955).  A summary of the design characteristics and performance of 
several systems employed in Massachusetts around 1900 is presented in Table 7-1.  
These systems were treating raw or primary effluent wastewater and producing an 
excellent effluent.  A typical intermittent sand filter is shown in Figure 7-1. 
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Table 7-1. Design and Performance of Early Massachusetts Intermittent Sand 
Filters (Mass. Board of Health, 1912; Mancl and Peeples, 1991). 
 

Location Year 
Started 

Loading 
Rate 

(gal/d/ac)

Filter 
Depth 

(in) 

Sand
Size 
(mm)

Ammonia 
Removal BOD5 Removal 

Influent
(mg/L) 

Effluent
(mg/L) 

Influent 
(mg/L) 

Effluent 
(mg/L) 

Andover 1902 3500 48-60 0.15-
0.2 - - - - 

Brockton  - - - - 40.7 1.5 314 6.2 

Concord  1899 83,000 - - - - - - 

Farmington  - - 70 0.06-
0.12 27.3 2.7 - - 

Gardner  1891 122,000 60 0.12-
0.18 21.2 7.5 139 9.5 

Leicester - - - - - - 321 13.1 

Natick - - - - 12.4 2.3 - - 

Spencer  1897 61,000 48 0.18-
0.34 16 2.1 116 6.9 

See p. xiv for conversion table. 
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Figure 7-1.  Cross-sectional and plan views of a typical intermittent sand filter (U.S. 
EPA, 1983a). 
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Intermittent sand filtration is capable of polishing pond effluents at relatively low cost 
and is similar to the practice of slow sand filtration in potable water treatment.  As the 
wastewater passes through the bed, TSS and other organic matter are removed through a 
combination of physical straining and biological degradation processes.  The particulate 
matter collects in the top 5 - 8 cm (2 - 3 in) of the filter bed. This accumulation eventually 
clogs the surface and prevents effective infiltration of additional effluent.  At that time, 
the bed is taken out of service, the top layer of clogged sand removed, and the unit is put 
back into service.  The removed sand can be washed and reused or discarded. 
 
7.2.1.1 Summary of Performance 
Summaries of the performance of intermittent sand filters treating pond effluents 
conducted during the 1970’s and 1980’s are presented in Tables 7-2 and 7-3.  Table 7-2 is 
a summary of studies reported in the literature and EPA documents, and Table 7-3 is a 
summary of results from field investigations at three full-scale systems consisting of 
ponds followed by intermittent sand filters.  These are the most extensive studies 
conducted in the US.  Though there are some effluent concentration above the 30/30 
(TSS/BOD5 mg/L) limit, on the whole, the results demonstrate that it is possible to 
produce an effluent with TSS and BOD5 less than 15 mg/L from anaerobic, facultative 
and aerated ponds followed by intermittent sand filters with effective sizes less than or 
equal to 0.3 mm. 
 
It should be noted that Mt. Shasta Wastewater Treatment Plant retired the intermittent 
sand filter bed and has been using dissolved air flotation to remove algae since 2000 
(see Section 7.2.5).  The treatment process consists of headworks, four oxidation 
ponds, ballast lagoon dosing basin, dissolved air flotation system, intermittent 
backwash filter, chlorine contact chamber, declorination system and discharge line. 
The treated wastewater can be discharged to any of three locations, depending on water 
quality and time of year: the Sacramento River, a leach field located adjacent to 
Highway 89, or the Mt. Shasta Resort Golf Course (http://ci.mt-
shasta.ca.us/publicworks/wastewater.php).  The intermittent sand filter bed was 
determined to be too labor intensive, although it worked fairly well (Jackie Brown, 
pers. comm., 2010).  

  

 



 

7-5 
 

 Table 7-2.  Intermittent Sand Filter Performance Treating Pond Effluentsa. 

Pond 
Type 

UCb 
Load
ing 

Rate 
TSS 
Inf. 

TSS 
Eff. 

TSS 
Rem. 

VSS 
Inf. 

VSS 
Eff. 

VSS 
Rem. 

BOD 
Inf. 

BOD 
Eff. 

BOD 
Rem. 

Reference 

 mgd/
ac mg/L mg/L % mg/L mg/L % mg/L mg/L % 

Facultative c 5.8 0.1 13.7 4.0 71 9.2 2.0 78 6.3 1.2 82 
Marshall and 
Middlebrooks
1974 

  0.2 13.7 4.8 65 9.2 21 77 6.3 1.3 80  

  0.31 13.7 6.0 56 9.2 2.3 75 6.3 2.0 69  

Facultative 9.74 0.2 30.0 3.5 88 23.0 1.3 94 19.5 1.9 90 Earnest et al., 
1978 

  0.4 30.1 2.9 90 22.5 1.3 94 19.5 1.9 90  

  0.6 34.0 5.9 83 25.9 3.1 88 25.6 4.2 84  

  0.8 23.9 4.7 80 15.2 1.2 92 2.8 1.8 36  

  1.0 28.5 5.1 82 21.5 2.5 88 13.5 2.6 81  

Facultative 6.2 0.5 32.4 8.6 74 21.9 3.3 85 10.7 1.8 83 Hill et al., 
1977 

  1.0 32.4 7.8 76 21.9 3.2 85 10.7 2.0 82  

  1.5 32.4 6.4 80 21.9 3.3 85 10.7 2.3 79  

Facultative c 9.73 0.25 70.7 10.1 86 38.8 6.5 83 20.2 6.6 67 Bishop et al., 
1977  

  1.0 68.7 32.9 52 36.6 11.3 69 19.6 11.7 40  

Aerated 9.73 0.5 158 52.5 67 71.1 13.2 81 34.4 5.1 85 Bishop et al., 
1977 

  1.0 68.7 32.9 52 36.6 11.3 69 19.6 11.7 40  

Anaerobic NA 0.1 353 45.5 87 264 28.1 84 123 19.5 84 Messinger, 
1976 

  0.35 208 46.5 78 162 35.3 78 108 43.7 60  

  0.5 194 45.1 77 175 35.7 80 107 67.6 37  

Facultative 9.7 0.2 23.0 2.7 88 17.8 1.0 95 10.9 1.1 90 Tupyi et al., 
1979 

  0.4 20.8 3.5 83 18.5 2.3 88 11.5 2.6 77  

TSS = Total suspended solids; VSS = Volatile suspended Solids; BOD = Biochemical oxygen 
demand 
aResults for best overall performing 0.17 mm effective size (e.s.) filters 
bU.C. = Uniformity constant 
cDairy waste 
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Table 7-3.  Mean Performance Data for Three Full-Scale Pond-Intermittent Sand 
Filter Systems (Russel et al., 1979 in Crites, 2006). 
 

Parameter 
Mt. Shasta CA Moriarty NM Ailey GA 
Pond 
Eff 

Filter 
Eff 

Facility 
Eff 

Pond 
Eff 

Filter 
Eff 

Facility 
Eff 

Pond
Effluent 

Filter 
Effluent 

Facility 
Effluent 

BOD5 (mg/L) 22 11 8 30 17 17 22 8 6 

Soluble 
BOD5 (mg/L) 7 4 5 17 16 16 10 6 5 

TSS (mg/L) 49 18 16 81 13 13 43 15 13 

VSS (mg/L) 34 13 10 64 9 9 32 8 6 

FC 
(col/100ml) 292 30 <2 290 18 34 55 8 <1 

pH 87 68 66 8.9 8.0 8.0 8.9 7.1 6.8 

DO (mg/L) 12.4 5.5 5.3 10.9 8.3 8.3 10.2 7.4 7.9 

COD (mg/L) 100 87 68 84 43 43 57 32 25 

Soluble COD 
(mg/L) 71 64 50 67 34 34 41 23 16 

Akl (mg/L as 
CaCO3) 

75 51 42 293 260 260 84 76 69 

TP  (mg-P/L) 3.88 3.09 2.72 4.02 2.8 2.8 3.10 2.67 2.45 

TKN (mg-
N/L) 11.1 7.5 5.2 22 121 121 7.3 4.1 2.2 

NH3 (mg-
N/L) 5.56 1.83 1.76 16 9.16 9.16 0.658 0.402 0.31 

Org-N (mg 
N/L) 56 5.7 3.4 5.7 3.3 3.3 6.7 3.8 1.9 

NO2
= (mg-

N/L) 0.56 7.7 0.020 159 1.66 1.66 0.56 77 0.020 

NO3
- (mg-

N/L) 0.78 43 45 0.09 4.09 4.09 349,175 21583 29360 

Total Algal 
Count 4x105 1x105 1x105 8x105 3x104 3x104 NA NA 0.070 

Flow (mgd) NA NA 0.488 NA 0.046 NA 
   

 
NA = Not Available 
 
Rich and Wahlberg (1990) evaluated the performance of five facultative pond-
intermittent sand filter systems located in South Carolina and Georgia.  A summary of the 
design characteristics and performance of these systems is shown in Table 7-4.  The 
systems provided superior performance when compared with ten aerated pond systems 
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not using intermittent sand filtration.  Six of the 10 aerated pond systems consisted of one 
aerated cell followed by a polishing pond;  three were designed as dual-power (aeration 
reduced in succeeding cells), multi-cellular systems, and one was a single cell dual-power 
system.  Using data reported by Niku et al. (1981), the performance of the facultative 
pond-intermittent sand filter systems compared favorably with activated sludge plants. 
 
Table 7-4. Design Characteristics and Performance of Facultative Pond-
Intermittent Sand Filter Systems (Rich and Wahlberg, 1990). 
Design 
Flow 

Present 
Flow HRT Filter 

Dosinga BOD5 TSS NH3 

m3/L % of 
Design d 

 
m3/m2/d 

 

gm/ 
m3 

gm/ 
m3 

gm/ 
m3 

gm/ 
m3 

gm/ 
m3 

gm/ 
m3 

50% 95% 50% 95% 50% 95% 

303 56 93 0.03 9 28 12 41 0.9 4 

303 79 70 0.37 6 22 7 29 0.4 1.2 

568 48 59 0.47 7 17 11 30 - - 

378 66 52 0.37 9 21 11 25 0.9 2.4 

568 37 55 0.31 6 17 6 16 1.3 5.4 
aBased on design flow rate 
 
Truax and Shindala (1994) reported the results of an extensive evaluation of facultative 
pond-intermittent sand filter systems using four grades of sand with effective sizes of 
0.18 - 0.70 mm and uniformity coefficients ranging from 1.4 - 7.0 (Appendix C, Tables 
C-7-1 and C-7-2).  Performance was directly related to the effective size of the sand and 
hydraulic loading rate.  With effective size sands of 0.37 mm or less and hydraulic 
loading rates of 0.2 m3/m2/d, effluents with BOD5 and TSS of less than 15 mg/L were 
obtained.  TKN concentrations were reduced from 11.6 mg/L to 4.3 mg/L at the 0.2 
m3/m2/d loading rate.  The experiments were conducted in a mild climate, and it is not 
known whether similar N removal rates would be achieved during cold months in more 
severe climates. 
 
Melcer et al. (1995) reported the performance of a full-scale aerated pond-intermittent 
system located in New Hamburg, Ontario, that had been in operation since 1980.  Results 
for 1990 and for January to August of 1991 are presented in Table 7-5.  Surface loading 
rates for both periods were 3.24 m3/m2/d, with influent BOD5, TSS and TKN 
concentrations of 12, 16 and 19 mg/L, respectively.  Filter effluent quality exceeded 
requirements with BOD5, TSS and TKN concentrations being less than 2 mg/L. 
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Table 7-5.  Performance of Aerated Pond-Intermittent Sand Filter, New Hamburg, 
Ontario Plant (Melcer et al., 1995). 
 
Location in System 
 

Parameter 1990 1991 (Jan-Aug) 

 
 Average Flow Rate 

(m3/d) 
1676 1673 

 Max Flow Rate (m3/d) 4530 3990 
    
Influent BOD5, mg/L 186 120 
 TSS, mg/L 314 171 
 TKN, mg/L 45 44 
 TP, mg/L 9.3 9.5 
 
Aerated Cell HRT (d) 7 7 
 BOD5 Loading 

(kg/m3/d) 
0.03 0.02 

    
Aerated Cell Effluent BOD5, mg/L 34 36 
 TSS, mg/L 44 44 
 TP, mg/L 6 5 
 
Facultative Pond HRT (d) 165 165 
 Avg. BOD5 loading 

(kg/1000 m2/d) 
0.51 0.55 

 
Cell 2 Effluent BOD5, mg/L 12 11 
 TSS, mg/L 16 18 
 TKN, mg/L 19 18 
 NH3, mg/L 15 14 
 TN, mg/L 1.1 0.8 
 TP, mg/L 1.2 0.7 
 
Filter Annual Surface 

Loading, m3/m2 
195 153 

 Surface Loading, 
L/m2/d 

3240 3240 

 
  Mar-Dec  Mar-Aug 
Filter Effluent BOD5, mg/L 2 2 
 TSS, mg/L 1.7 1.1 
 TKN, mg/L 2 1.1 
 NH3, mg/L 1.2 0.6 
 TN, mg/L 7 9 
 TP, mg/L 0.5 0.4 
 
7.2.1.2  Operating Periods 
The length of filter run is a function of the effective size of the sand and the quantity of 
solids deposited on the surface of the filter.  EPA (1983a) and several publications 
(Marshall and Middlebrooks, 1974; Messinger, 1976; Earnest et al., 1978; Hill et al., 
1977; Bishop et al., 1977; Tupyi et al., 1979; Russel et al., 1983) contain extensive 
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information on the relationship between solids deposited on the surface of a filter and the 
length of run time.  Truax and Shindala (1994) also reported similar run times. 
 
7.2.1.3  Maintenance Requirements 
Maintenance is directly related to the quantity of solids applied to the surface of the filter, 
and this is related to the concentration of solids in the influent to the filter and the 
hydraulic loading rate.  Filters with low hydraulic loading rates tend to operate for 
extended periods.  With such extended operating periods, maintenance consists of routine 
inspection of the filter, removing weeds, and an occasional cleaning by removing the top 
5 - 8 cm of sand after allowing the filter to dry out.  Early control of weeds is the key to 
good maintenance. The use of chemicals is not advised.  In Wisconsin, where there are 
many sand filters, the O&M manuals advise that the sand beds can be tilled if the weeds 
are very small. Once they have grown, however, they need to be removed manually (Jack 
Saltes, Wisconsin Department of Natural Resources, pers. comm., 2010).  
  
7.2.1.4  Hydraulic Loading Rates 
Typical hydraulic loading rates on a single-stage filter range from 0.37 - 0.56 m3/m2/d.  If 
the TSS in the influent to the filter routinely exceeds 50 mg/L, the hydraulic loading rate 
should be reduced to 0.19 - 0.37 m3/m3/d to increase the filter run.  In cold weather 
locations, the lower end of the range is recommended to avoid having to clean the filter 
during the winter months. 
 
7.2.1.5  Design of Intermittent Sand Filters 
Algae removal from pond effluent is almost totally a function of the sand size used.  With 
a required BOD5 and TSS below 30 mg/L, a single-stage filter with medium sand 
(effective size = 0.3 mm) will produce a reasonable filter run.  If better effluent quality is 
required, finer sand (effective size = 0.15 - 0.2 mm) or a two-stage filtration system with 
the finer sand in the second stage should be used. 
 
The total filter area required for a single-stage operation is calculated by dividing the 
expected influent flow rate by the hydraulic loading rate selected for the system.  One 
spare filter unit should be included to permit continuous operation, since the cleaning 
process may require several days.  An alternate approach is to provide temporary storage 
in the pond units.  Three filter beds are the preferred arrangement to permit maximum 
flexibility.  In small systems that depend on manual cleaning, the individual bed should 
not be bigger than about 90 m2.  Larger systems with mechanical cleaning equipment 
could have individual filter beds up to 5000 m2. 
 
The design depth of sand in the bed should be at least 45 cm with a sufficient depth for at 
least one year of cleaning cycles.  A single cleaning operation may remove 2.5 - 5 cm of 
sand. A 30-day filter run would then require an additional 30 cm of sand.  In the typical 
case, an initial bed depth of about 90 cm of sand is usually provided.  A graded gravel 
layer 30 - 45 cm separates the sand layer from the under drains.  The bottom layer is 
graded so that its effective size is four times as great as the openings in the under-drain 
piping.  The successive layers of gravel are progressively finer to prevent intrusion of 
sand.  An alternative is to use gravel around the underdrain piping and then a permeable 
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geo-textile membrane to separate the sand from the gravel.  Further details on design and 
performance are presented in the U.S. EPA (1983a), Reed et al. (1995) and Crites et al. 
(2006). A design example for an intermittent sand filter treating a pond effluent is 
presented in Example C-7-1 in Appendix C. 
 
7.2.2  Rock Filters 
A rock filter operates by allowing pond effluent to travel through a submerged porous 
rock bed, causing algae to settle out on the rock surfaces as the liquid flows through the 
void spaces.  The accumulated algae are then biologically degraded.  Algae removal with 
rock filters has been studied extensively at Eudora, Kansas; California, Missouri; and 
Veneta, Oregon (USEPA, 1983a).  Rock filters have been installed throughout the United 
States and the world, and performance has varied (USEPA, 1983a; Middlebrooks, 1988; 
and Saidam et al., 1995).  A diagram of the Veneta rock filter is shown in Figure 7-2.  
The West Monroe, Louisiana rock filters were essentially the same as the one in Veneta, 
but the filters received higher loading rates.  Several rock filters of various designs have 
been constructed in Illinois with varied success.  Many of the Illinois filters produced an 
excellent effluent, but the designs varied widely (Menninga, pers. comm., 1986).  Figure 
7-3 contains diagrams of the various types of rock filters in use in Illinois.  Snider (pers. 
comm., 1998) designed a rock filter for Prineville, Oregon and knew of one built at 
Harrisburg, Oregon.  Performance and design detail are not available, but Snider 
indicated that the systems were designed using information from the Veneta system. 
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Figure 7-2.  Rock filter at Veneta, Oregon (Swanson and Williamson, 1980). 
 



 

7-12 
 

 
Figure 7-3.  State of Illinois rock filter configurations (Menninga, pers. 
comm.,1986). 
 
The principal advantages of the rock filter are the relatively low construction cost and 
simple operation.  Odor problems can occur, and the design life for the filters and the 
cleaning procedures has not yet been firmly established. Several units have been 
operating successfully for over 20 years. 
 
Archer and O’Brien (2005) have used inter-pond rock filters to improve suspended solids 
and nitrogen removal.  Rock embankments across the ponds provide filtering, reduced 
short-circuiting, and increased surface area to grow nitrifying bacteria. 
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7.2.2.1  Performance of Rock Filters  
 
7.2.2.2  Veneta, Oregon 
Based on data from filter systems in place in Veneta, it can be concluded that rock filter 
performance is mixed.  Forms of N in the effluent from a study by Swanson and 
Williamson (1980) for the Veneta system are shown in Figure 7-4.  Performance data for 
1994 are shown in Table 7-6.  After approximately 20 years of operation, the system was 
producing an effluent meeting secondary standards with regard to BOD5, TSS and fecal 
coliform.  Ammonia data were not collected routinely as it was not included in the 
discharge permit. Ammonia data were only collected on a regular basis during the winter 
months of the Swanson and Williamson (1980) study, and high NH3 concentrations were 
observed in the effluent as shown in Figure 7-4.  Occasional NH3 measurements were 
made after the Swanson and Williamson study, and higher concentrations were observed 
during the winter, indicating that the process may not be suitable if a discharge must meet 
NH3 effluent limits. 
 
 
Table 7-6.  Mean and Range of Performance Data for Veneta Wastewater 
Treatment Plant, 1994. 

Constituent Influent Effluent 
BOD5, mg/L 138 (50-238) 17 (5-30) 
TSS, mg/L 124 (50-202) 9 (2-27) 

FC, MPN/100 mg/L Not available <10 (<10-20) 
Flow, mgd 0.251 (0.159-0.452) 0.309 (0.079-0.526) 
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7.2.2.4  Jordan Rock Filters 
Saidam et al. (1995) performed a series of studies of rock filters treating pond effluent in 
Assram, Jordan.  The filters were arranged in three trains, the first train consisting of two 
filters in series, with the first filter containing rock and having an average diameter of 18 
cm followed by a filter containing local gravel (wadi gravel) with an average diameter of 
11.6 cm.  The second train contained the same rock as used in the first filter, but with an 
average diameter of 2.4 cm.  The wadi gravel was used in the first filter of the third train, 
and the second filter contained an aggregate with an average diameter of 1.27 cm. The 
filters in the three trains were operated in series, and the characteristics of the wastewater, 
hydraulic loading rates, and the characteristics of the effluents from the various filters are 
shown in Table 7-7.  The removal efficiencies obtained in the first run for the various 
filters and the trains are summarized in Table 7-8.  Even though the rock sizes of several 
of the filters were similar to what was used at Veneta and West Monroe, the hydraulic 
loading rates exceeded the maximum recommended value of 0.3 m3/m3/d and the quality 
of the effluents was much lower.  There was insufficient DO in the influent to oxidize 
NH3, and considering the temperature of the influent wastewater and the H2S in the 
effluent, it is likely that the filters were anaerobic.  On the other hand, TSS was lowered 
by 60 percent and fecal coliform levels met WHO guidelines for unrestricted use of the 
effluent for agricultural purposes (WHO, 2003). 
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Table 7-7.  Performance of Rock Filters (Saidam et al., 1995). 

Unit 
Hydraulic 
Loading 

Rate 
m3/m3-d 

Run T 
°C 

DO 
mg/L 

TSS 
mg/L 

BOD5 
mg/L 

TFCC 
mpn/ 

100mg/L 
NH4-N 
mg/L 

INFLUENT  1 25.7 3.2 201 95 1.10E+04 85 
  2 21 4.8 234 105 6.3E+04 93 
  3 14.0 4.0 213 122 9.6+05 97 
  4 15.0 3.5 101 108 1.6W+04 71 
         

FIRST TRAIN     131 61 2.2E+03  
Rock Filter 1 0.498 1 25.1 1.2 200 81 5.7E+04 89 

Avg. Diameter – 18 cm 0.634 2 20.0 1.5 156 100 8.1E+05 96 
Voids=49% 0.5 to .58 3 13.4 1.0 76 77 1.4E+04 96 

Surface Area =17 m2/m3 0.5 to .58 4 13.0 2.1    72 
     78 36 1.00E+03  

Wadi Gravel Filter 1 0.386 1 25.2 1.9 161 66 4.2E+04 91 
Avg. Diameter=11.6 cm 0.634 2   129 77 4.7E+05  

Voids=41% 0.5 to .58 3 13.4 1.0 66 74 1.10E+04 97 
Surface Area =25 2/m3 0.5 to .58 4 13.0 1.9    71 

         
SECOND TRAIN     130 53 1.9E+03  
Rock Filter 2 0.311 1 25.3 1.1 203 79 5.00E+04 89 

Avg. Diameter = 18 cm 0.634 2 19.7 1.4 164 87 8.6E+05 98 
Voids=49% 0.5 to .58 3 13.3 1.0 88 92 1.00E+04 98 

Surface Area =17 m2/m3 0.5 to .58 4 13.7 1.9    71 

     102 51 1.5E+03
E  

Coarse Aggregate Filter 2 0.333 1 25.6 1.7 154 65 3.2E+04 89 
Avg. Diameter=2.4 cm 0.634 2 19.9 1.4 134 73 5.4E+05 98 

Voids=40% 0.5 to .58 3 13.3 1.0 60 87 6.5E+03 97 
Surface Area =150 2/m3 0.5 to .58 4 15.0 1.9    71 

         
THIRD TRAIN     109 48 1.6E+03  

Wadi Gravel Filter 3 0.274 1 25.7 1.6 206 76 6.8E+04 91 
Avg. Diameter=11.6 cm 0.634 2 20.2 1.4 150 86 3.2E+05 96 

Voids=41% 0.5 to .58 3 13.3 1.0 81 76 6.3E+03 97 
Surface Area =25 2/m3 0.5 to .58 4 15.0 1.9    71 

     79 42 6.4E+02  
Medium Aggregate Filter 3 0.442 1 25.9 2.0 121 72 3.3E+04 92 

Avg. Diameter=1.27 cm 0.634 2 19.7 1.5 108 66 4.4E+05 96 
Voids=28% 0.5 to .58 3 13.4 1.0 45 59 3.3E+03 100 

Surface Area =327 2/m3 0.5 to .58 4 13.0 1.9    71 
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Table 7-8.  Summary of Removal Efficiency in the First Run (Saidam et al., 1995). 

Parameter 

Percent Removal of Individual Filters % Removal Per Train 

Rock 
Filter 

1 

Wadi 
Gravel 
Filter  

1 

Rock 
Filter 

2 

Coarse 
Aggregate 

Filter  
2 

Wadi 
Gravel 
Filter 

3 

Medium 
Aggregate 

Filter  
3 

1st 
Train 

2nd 
Train 

3rd 
Train 

TSS 34 41 35 22 46 25 61 49 59 

BOD5 36 41 44 4 49 13 62 46 56 

COD 19 18 21 15 24 25 33 33 44 

Total P 9 15 9 30 18 33 24 35 46 

Total FC 80 55 83 21 85 60 90 86 94 

Color 25 34 28 20 30 36 51 42 55 

HLR  
m3/m3/d 0.498 0.386 0.311 0.333 0.274 0.442 - - - 

 
7.2.2.5  New Zealand Rock Filters 
Rock filters have been used in New Zealand for removing high concentrations of algae 
from pond effluents (Middlebrooks et al,2005).  The systems were developed from sub-
surface flow wetlands without plants.  The rock ranged from 12 – 24 cm in diameter, with 
the coarser rocks at the inlet and outlet to distribute the flow evenly.  A cross-section of 
the rock filter at Paeroa, New Zealand is shown in Figure 7-5. 
 

 
 
Figure 7-5.  Cross-sectional view of Paeroa, New Zealand rock filter (Middlebrooks 
et al., 2005). 
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The rock filters are generally anoxic and there is little nitrification, however, there can be 
denitrification. The effluent is anaerobic and does emit H2S on occasion. If the influent 
contains high concentrations of algae, organic N will increase in the effluent. 
 
Three systems in New Zealand used steel slag, which has a high porosity and produces 
less H2S.  Some phosphorus removal was observed for the first years of operation.  The 
filters followed partial mix aerated ponds, and have consistently produced TSS effluent 
concentrations less than 25 mg/L.  Average removals have been less than 12 mg/L, even 
when influent solids were 100 mg/L or greater. 
 
7.2.2.6  Design of Rock Filters 
Rock filters have been designed using a number of parameters.  A summary of the design 
parameters used for several locations is shown in Table 7-9.  The parameters shown for 
the state of Illinois are the current standards and were not necessarily used to design the 
systems diagrammed in Figure 7-3.  The critical factor in the design of rock filters 
appears to be the hydraulic loading rate.  Rates less than 0.3 m3/m3/d give the best results 
with rocks in the range of 8 - 20 cm and a depth of 2 m with the water applied in an up 
flow pattern.  Design parameters and performance of some rock filters in New Zealand 
are shown in Table 7-10. 
 
Table 7-9.  Design Parameters for Rock Filter Systems in the United States (Oregon: 
Swanson and Williamson, 1980; Louisiana: Stamberg et al., 1984; Kansas and 
Missouri: U.S. EPA, 1983a). 
 

Parameter Veneta W. Monroe  State of Illinois Eudora California 
Hydraulic 
Loading 

Rate 
m3/m2/d 

0.3 0.36 0.8 

Up to 1.2 in 
the summer.  

0.4 in winter & 
spring 

0.4 

Rock cm 7.5-20 5-13 

8-15 
Free of fines 

Soft weathering 
stone , and no 

flat rock 

2.5 6-13 

Aeration None None Post-aeration 
ability necessary None None 

Depth, m 2 1.8 

Rock media 
must extend 0.3 
m above water 

surface 

1.5 1.68 

Disinfection Yes Yes 
Chlorination of 

post-aeration cell 
encouraged 

Not Applicable Yes 
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Table 7-10.  Design Parameters and Performance of New Zealand Rock Filters 
(Middlebrooks, 2005). 
 

 Waluku Paeroa Ngatea Clarks 
Beach 

Design flow (average) m3/day 3,000 2,067 460 375
Current flow (average) m3/day 1,800 2,100 250 290
Width m 29.6 22 26.3 32
Length m 97.4 131 136.0 62
No. of beds  10 8 2 2
Total rock filter area m2 28,868 23,056 7,154 3,875
Rock size mm 20/10 20/10 20/10 20/10
Rock type  slag slag slag greywacke
Rock depth m 0.5 0.5-0.8 0.5-0.8 0.5-0.65
Rock filter loading rate 
(average) 

mm/day `62 91 35 75

Rock filter loading rate 
(average) 

m3/m3 day 0.14 0.20 0.08 0.17

Average water depth m 0.45 0.45 0.45 0.45
Hydraulic retention time 
(average) 

days 3.3 2.2 5.8 1.5

Year constructed  1993 2000 2002 1998
Average water quality (mg/L) 
CBOD5 average 6 5 3 
 95 percentile 11 19 6 
Suspended Solids average 12 9 6 
 95 percentile 24 17 9 
NH3 average 5 7 15 
 95 percentile 24 12 27 
Total N average 8 10 19 
 95 percentile 20 17 36 
 
7.2.2.7  Aerated Rock Filter 
To address the lack of NH3 removal in rock filters, Mara and Johnson (2006) constructed 
an aerated rock filter with perforated pipe placed in the underdrain. They operated the 
aerated rock filter in parallel with a non-aerated control over an 18-month period.  
Facultative pond effluent containing approximately 10 mg/L of NH3 was applied to the 
filters at a hydraulic rate of 150 L/m2/d during the first eight months of operation and at 
300 L/m2/d thereafter.  Ammonia concentrations in the aerated filter effluent were less 
than 3 mg/L, and NO3

- concentrations were approximately 5 mg/L, while the control filter 
N concentrations were approximately 7 mg/L.  Ammonia removal did not occur in the 
non-aerated control, and there was a statistically significant increase in the mean NH3 
concentration between the influent and effluent. Fecal coliform concentrations were 
reduced in the aerated filter from 103 to 104 per 100mL to a geometric mean count of 65 
per 100 mL.  BOD5 and TSS removals were much higher in the aerated filter.  The 95 
percentile effluent concentrations in the aerated filter were 9 and 10 mg/L, respectively, 
while the effluent concentrations from the control were 38 and 43 mg/L. 
 
Increasing the hydraulic loading rate from 150 to 300 L /m2/d did not negatively affect 
the mean percentage BOD5, NH3 and fecal coliform removals. There was a slight 
reduction in the TSS removals.  It was concluded that the use of aerated rock filters 



 

7-20 
 

eliminates the need for maturation ponds to remove NH3, and reduces the surface area 
required for maturation ponds at a flow rate of 200 L/person/d from approximately 5 
m2/person to 1.3 m2/person with an aerated rock filter 0.5 m deep and loaded at 300 
L/m2/d.  In winter, the facultative pond DO concentration was approximately 2 mg/L and 
approximately 8 mg/L in the aerated filter effluent. The control non-aerated filter effluent 
DO concentration was approximately 1 mg/L. 
 
In a follow-up study Johnson and Mara (2007) conducted studies comparing a pilot-scale 
subsurface horizontal flow constructed wetland, a non-aerated rock filter and an aerated 
rock filter receiving effluent from a facultative pond loaded at 79 kg/ha/d.  BOD5, TSS 
and NH3 concentrations were lower in the effluent from the aerated rock filter when 
compared with the non-aerated rock filter and the constructed wetland.  A summary of 
the results are shown in Table 7-11. 
 
Table 7-11.  BOD5, TSS and NH3 Concentrations in the Effluents of the Facultative 
Pond, Aerated Rock Filter and Constructed Wetlands (Johnson and Mara, 2007). 
 
Period Parameter Facultative  Aerated  Constructed  
    Pond Rock Filter Wetland 
 Summera BOD5 (mg/L)       
      Mean 39 4.5 20 
      S.Dc   9 1.5   7 
      95%d 53 6 29 
  TSS (mg/L)       
      Mean 58 4 26 
      S.D. 27 2 19 
      95% 99 7 52 
 NH3 (mg/L)    
      Mean 3.8 1.7 2 
      S.D. 1.6 0.2 1.5 
      95% 6 2 4.4 
          
Winterb BOD5       
      Mean 41 4.2 21 
      S.D. 14 2.7   8 
      95% 58 8.1 32 
 TSS    
      Mean 78 4.9 30 
      S.D. 21 2.9   6 
      95% 113 9 35 
  Ammonia       
      Mean 10 4.7 9 
      S.D. 1.4 2.4 1 
      95% 12 8 10 
 
a June-August 2004, b December 2004-February 2005. c Standard Deviation, d 95 percentile value 
 
7.2.3  Normal Granular Media Filtration 
Granular media filtration (rapid sand filters) separates liquids and solids. The simple 
design and operation process makes it applicable to wastewater streams containing up to 
200 mg/L suspended solids. The process can be automated based on easily measured 
parameters with minimum operation and maintenance costs. On the other hand, regular 
granular media filtration is not as efficient for removing algae unless coagulants or 
flocculants have been added prior to filtration.  Table 7-12 contains a summary of the 
results with direct granular media filtration. 
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Table 7-12.  Summary of Direct Filtration with Rapid Sand Filters (d50 = diameter 
of 50 percent of sand). 
 

Investigator Coagulant   
Filter 

Loading 
gpm/sf 

Filter  
Depth 

cm 

Sand  
Size  
mm 

Findings 

Borchardt 
and O’Melia 

(1961) 

none 
 
 

0.2-2 61 d50 = 0.32 Removal declines to 
21-45% after 15 hr 
50% algae removal 

Fe 7 mg/L 2.1 61 d50 = 0.40 
 

Davis and 
Borchardt 

(1966) 

none 0.49 NA d50 = 0.75 22% algae removal 
none 0.49  d50 = 0.29 34% algae removal 
none 1.9  d50 = 0.75 10% algae removal 
none 1.9  d50 = 0.29 2% algae removal 
Fe NA NA d50 = 0.75 45% algae removal 

 
Foss and 
Borchardt 

(1969) 
none 2 91 d50 = 0.71 pH 2.5, 90% removal 

 
Lynam et al. 

(1969) none 1.1 28 d50 = 0.55 62% TSS removal 

 
Kormanik 

and Cravens 
(1978) 

none - - - 11-45% TSS removal 

 
Diatomateous earth filtration is capable of producing a high-quality effluent when 
treating wastewater treatment pond water, but the filter cycles are generally less than 3 
hours. This results in excessive usage of backwash water and diatomateous earth, which 
increases costs and eliminates this method of filtration as an alternative for polishing 
wastewater treatment pond effluents. 
 
7.2.4  Coagulation-Flocculation 
Coagulation followed by sedimentation has been applied extensively for the removal of 
suspended and colloidal materials from water.  Lime, alum and ferric salts are the most 
commonly used coagulating agents. Floc formation is sensitive to parameters such as pH, 
alkalinity, turbidity and temperature. Most of these variables have been studied, and their 
effects on the removal of water supply turbidity have been evaluated.  In the case of the 
chemical treatment of wastewater treatment pond effluents, however, the data are not 
comprehensive. 
 
Shindala and Stewart (1971) investigated chemical treatment of treatment pond effluents 
as a post-treatment process to remove the algae and to improve the quality of the effluent. 
They found that the optimum dosage for best removal of the parameters studied was 75-
100 mg/L of alum. When this dosage was used, the removal of phosphate was 90 percent 
and the BOD5 was 70 percent. 
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Tenney (1968) has shown that at a pH range of 2 to 4, algal flocculation was effective 
when a constant concentration of a cationic polyelectrolyte (10 mg/L of C-31) was used. 
Golueke and Oswald (1965) conducted a series of experiments to investigate the relation 
of hydrogen ion concentrations to algal flocculation.  In this study, only H2SO4 was used, 
and only to lower the pH.  Golueke and Oswald found that flocculation was most 
extensive at a pH value of 3, which agrees with Tenney’s results and reported algal 
removals of about 80-90 percent.  Algal removal efficiencies by cationic polyelectrolytes 
were not affected in the pH range of 6-10. 
 
The California Department of Water Resources (1971) reported that of 60 
polyelectrolytes tested, 17 compounds were effective with regard to coagulation of algae 
and were economically competitive when compared to mineral coagulation used alone. 
Generally, a dose of less than 10 mg/L of the polyelectrolytes was required for effective 
coagulation. A daily addition of 1 mg/L of FeCl3 to the algal growth pond resulted in 
significant reductions in the required dosage of both organic and inorganic coagulants. 
 
McGarry (1970) studied the coagulation of algae in treatment pond effluents and reported 
the results of a complete factorial designed experiment using the common jar test.  Tests 
were performed to determine the economic feasibility of using polyelectrolytes as 
primary coagulants alone or in combination with alum.  McGarry also investigated some 
of the independent variables that affected the flocculation process, such as concentration 
of alum, flocculation turbulence, concentration of polyelectrolytes, pH after the addition 
of coagulants, chemical dispersal conditions, and high rate oxidation pond suspension 
characteristics.  Alum was found to be effective for coagulation of algae from high rate 
oxidation pond effluent. The lowest cost per unit algal removal was obtained with alum 
alone (75-100 mg/L). 
 
Al-Layla and Middlebrooks (1975) evaluated the effects of temperature on algae removal 
using coagulation-flocculation-sedimentation.  Removal at a given alum dosage 
decreased as the temperature increased.  Maximum algae removal generally occurred at 
an alum dosage of approximately 300 mg/L at 10 °C.  At higher temperatures, alum 
dosages as high as 600 mg/L did not produce removals equivalent to the results obtained 
at 10 °C with 300 mg/L of alum. The settling time required to achieve significant 
removals, flocculation time, organic carbon removal, total P removal, and turbidity 
removal were found to vary inversely as the temperature of the wastewater increased. 
 
Dryden and Stern (1968) and Parker (1976) reported on the performance and operating 
costs of a coagulation-flocculation system followed by sedimentation, filtration, and 
chlorination, with discharge to recreational lakes. This system, in Lancaster, California, 
probably has the longest operating record of any coagulation-flocculation system treating 
wastewater treatment pond effluent. The TSS concentrations of influent coming to the 
plant have ranged from about 120 to 175 mg/L, and the plant has produced an effluent 
with a turbidity of less than 1 Jackson turbidity unit (JTU) most of the time. Aluminum 
sulfate [Al2(SO4)3] dosages have ranged from 200 to 360 mg/L. The design capacity is 
1893 m3/d (0.5 mgd).  
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Coagulation-flocculation is not easily controlled and requires expert operating personnel 
at all times. A large volume of sludge may be produced, which can introduce an 
additional operating cost.  
 
7.2.5  Dissolved Air Flotation 
Several studies have shown the dissolved air flotation process to be an efficient and a 
cost-effective means of algae removal from wastewater treatment pond effluents. The 
performance obtained in several of these studies is summarized in Table 7-13. 
 
Table 7-13.  Summary of Typical Dissolved Air Flotation Performance. 
 

Location and 
Reference 

Coagulant and 
Dose (mg/L) 

Overflow 
Rate 

(gpm/sf) 

Detention 
Time 

(minutes) 

BOD5 
Influent 
(mg/L) 

Effluent 
(mg/L) 

% 
Removed

Stockton 1 
Parker (1976) 

Alum, 225 Acid 
added to pH 6.4 2.7a 17a 46 5 89 

Lubbock2 
Ort (1972) Limec, 150  NA 12b 280-

450 1.3 >99 

Eldorado3 
Komline-

Sanderson 
Engineering 

(1972) 

Alum, 200  4.0c 8c 93 <3 <97 

Logan4 
Bare (1971) Alum, 300  1.3-2.4d NA NA NA NA 

Sunnyvale1 
Stone et al., 

(1975) 

Alum, 175 Acid 
added to pH 6.0 to 

6.3 
2.0e 11e NA NA NA 

Stockton1  
Parker (1976) 

Alum, 225 Acid 
added to pH 6.4 2.7a 17a 104 20 81 

Lubbock2 
Ort (1972) Limec, 150  NA 12b 240-

360 0-50 >79 

Eldorado3 
Komline-

Sanderson 
Engineering 

(1972) 

Alum, 200  4.0c 8c 450 36 92 

Logan4 
Bare (1971)  Alum, 300  1.3-2.4d NA 100 4 96 

Sunnyvale1 
Stone et al., 

(1975) 

Alum, 175 Acid 
added to pH 6.0 to 

6.3 
2.0e 11e 150 30 80 

1California,  2Texas,  3Arizona, 4Utah 
 a 33% pressurized (35-60 psi) recycle 
b30% pressurized (50 psi) recycle 
c 100% pressurized recycle 
d 25% pressurized (45 psi) recycle 
e 27% pressurized (55-70 psi) recycle 
  
Three basic types of dissolved air flotation are employed to treat wastewaters: total, 
partial and recycle pressurization. These three types are illustrated by flow diagrams in 
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Figure 7-6.  In the total pressurization system, the entire wastewater stream is injected 
with air, pressurized and held in a retention tank before entering the flotation cell. The 
flow is direct, and all recycled effluent is repressurized. In partial pressurization, only 
part of the wastewater stream is pressurized, and the remainder of the flow bypasses the 
air dissolution system and enters the separator directly. Recycling serves to protect the 
pump during periods of low flow, but it does load the separator hydraulically. Partial 
pressurization requires a smaller pump and a smaller pressurization system. In recycle 
pressurization, clarified effluent is recycled for the purpose of adding air and then is 
injected into the raw wastewater. Approximately 20-50 percent of the effluent is 
pressurized in this system. The recycle flow is blended with the raw water flow in the 
flotation cell or in an inlet manifold. 
             

                                                                   
Figure 7-6.  Types of dissolved air flotation systems (Snider, 1976). 
 
Important parameters in the design of a flotation system are hydraulic loading rate 
(including recycle), concentration of TSS contained within the flow, coagulant dosage, 
and the air-to-solids ratio required to achieve efficient removal.  Pilot-plant studies by 
Stone et al. (1975), Bare (1971) and Snider (1976) have shown the maximum hydraulic 
loading rate to range between 81.5 - 101.8 L/min/m2.  The most efficient air-to-solids 
ratio was found to be 0.019 - 1.0 (Bare 1971).   Solids concentrations during Bare’s 
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studies were 125 mg/L.  Experimental results with the removal of algae indicate that 
lower hydraulic rates and air-to-solids ratios than those recommended by the 
manufacturers of industrial equipment should be employed when attempting to remove 
algae. 
 
In combined sedimentation flotation pilot-plant studies at Windhoek, Namibia, van 
Vuuren and van Duuren (1965) reported effective hydraulic loading rates to range 
between 11.2 and 30.5 L/min/m2, with flotation provided by the naturally dissolved 
gases. Because air was not added, air-solids ratios were not reported. They also noted that 
it was necessary to use from 125 - 175 mg/L of Al2(SO4)3 to flocculate the effluent 
containing from 25 - 40 mg/L of algae.  Subsequent reports on a total flotation system by 
van Vuuren et al. (1965) stated that a dose of 400 mg/L of Al2(SO4)3 was required to 
flocculate a 110 mg/L algal suspension sufficiently to obtain a removal that was 
satisfactory for consumptive reuse of the water.  Based on data provided by Parker et al. 
(1973), Stone et al. (1975), Bare (1971), and Snider (1976), it appears that a much lower 
dose of alum can be applied to produce an effluent that will meet present discharge 
standards. 
 
Dissolved air flotation with the application of coagulants performs essentially the same 
function as coagulation-flocculation-sedimentation, except that a much smaller system is 
required with the flotation device. Flotation will occur in shallow tanks with hydraulic 
residence times of 7-20 min, compared with hours in deep sedimentation tanks.  
Overflow rates can be as high as 81.5-101.8 L/min-m2 with flotation; whereas, a value of 
less than 40.7 L/min-m2 is recommended with sedimentation. However, it must be 
pointed out that the sedimentation process is much simpler to operate and maintain than 
the flotation process, and when applied to small systems, consideration must be given to 
this factor.  
 
The flotation process does not require a separate flocculation unit, and this has definite 
advantages. It has been shown that it is best to add alum at the point of pressure release 
where mixing occurs so that the chemicals are well dispersed. Brown and Caldwell 
(1976) designed two tertiary treatment plants that employ flotation, and have developed 
design considerations that should be applied when employing flotation. These features 
are not included in standard flotation units and should be incorporated to ensure good 
algae removal (Parker, 1976).   
 
In addition to incorporating various mechanical improvements, Brown and Caldwell 
recommended that the tank surface be protected from excessive wind currents to prevent 
float movement to one side of the tank. It was also recommended that the flotation tank 
be covered in rainy climates to prevent the breakdown of the floc. Another proposed 
alternative is to store the wastewater in treatment ponds during the rainy season and then 
operate the flotation process at a higher rate during dry weather. 
 
Dissolved air flotation thickening (DAFT) has been used at the Stockton, California 
regional wastewater treatment facility for many years to remove algae from the treatment 
ponds ahead of the tertiary filtration process. Performance results for the period June - 
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October 2005 are shown in Figures 7-7 and 7-8.  Average pond influent TSS 
concentrations averaged 74 mg/L (range: 20 - 223).  Effluent concentrations averaged 34 
mg/L, (range: 15 – 105).  The percentage removal averaged 50 percent.  In 2009-2010, 
the DAFT process tanks and internal equipment underwent major rehabilitation. 
Additional skimmer arms were added to improve removal of floating algae, and the initial 
results indicate improved performance (Figure 7-9).   
 
DAFT influent is secondary effluent that has received further treatment in facultative 
ponds, then flows through a constructed wetlands that was put in service in 2007. Alum is 
fed to the DAFT influent for chemical conditioning of the algae solids.  Performance 
results available for 2010 show the influent TSS concentrations average 70 mg/L and 
effluent TSS concentrations average 17 mg/L, for an average removal efficiency of 76 
percent (Larry Parlin, pers. comm. 2010). 
 
 
 

 
Figure 7-7.  TSS removal from pond effluent in dissolved air flotation with alum 
addition (Middlebrooks, 2005). 
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Figure 7-8.  Concentration and percent TSS removal from pond effluent in dissolved 
air flotation with alum addition (Middlebrooks, 2005). 
  
 

 
 
Figure 7-9  Dissolved air floatation thickening (DAFT) at the Stockton, California 
wastewater treatment facility (Parlin, pers. comm. 2010). 
 
 
Alum-algae sludge was returned to the wastewater treatment ponds for over three years at 
Sunnyvale, California with no apparent detrimental effect (Farnham, pers. comm., 1981).  
No sludge banks, floating mats of material, or increased TSS concentrations in the pond 
effluent have been observed.  Returning the float to the pond system is an operational 
option, at least for a few years. Most estimates of a period of time that sludge can be 
returned range from 10 to 20 years. 
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Sludge disposal from a dissolved air flotation system can present considerable challenges.  
Alum-algae sludge is very difficult to dewater and discard.  Centrifugation and vacuum 
filtration of raw alum-algae sludge have produced marginal results.  Indications are that 
lime coagulation may prove to be as effective as alum to produce sludge that is more 
easily dewatered. 
 
Brown and Caldwell (1976) evaluated heat treatment of alum-algae sludges using the 
Porteous, Zimpro® low-oxidation, and Zimpro® high-oxidation processes without great 
effect.  The Purifa process, using chlorine to stabilize the sludge, produced a sludge that 
was dewaterable on sand beds or in a pond.  If algae are killed before entering an 
anaerobic digester, the proportion of volatile matter destruction and dewatering can 
provide more useful results.  But, as with the other sludge treatment and disposal 
processes, additional operations and costs are incurred, which may make the option of 
dissolved air flotation less competitive financially. 
 
7.3  OPERATIONS MODIFICATIONS AND ADDITIONS  
 
7.3.1  Autoflocculation and Phase Isolation 
Autoflocculation of algae (natural settling under specific environmental conditions) has 
been observed in some studies (Golueke and Oswald, 1965; McGriff and McKinney, 
1971; McKinney, 1971; Hill et al., 1977).  Chlorella was the predominant alga occurring 
in most of the cultures.  Laboratory-scale continuous experiments with mixtures of 
activated sludge and algae have produced large bacteria-algae flocs with good settling 
characteristics (Hill et al., 1977; Hill and Shindala, 1977).  Floating algal blankets have 
been reported in the presence of chemical coagulants in some cases (Shindala and 
Stewart, 1971; van Vuuren and van Duuren, 1965).   This may be caused by the 
entrapment of gas bubbles produced during metabolism or by the fact that, at a particular 
stage in the growth cycle, algae have neutral buoyancy.  In an 11,355 L/hr (3000 g/h) 
pilotplant that combined flocculation and sedimentation, a floating algal blanket was 
formed with alum doses of 125 -170 mg/L.  About 50 percent of the algae was able to be 
skimmed from the surface (van Vuuren and van Duuren, 1965). Given the unpredictable 
occurrence of conditions necessary for autoflocculation, it can not be considered a 
reliable method for removing algae from wastewater treatment ponds.  
 
Phase isolation is defined as the operation of a pond system to create natural conditions 
favorable to settling of algae and some success has been reported based on this 
phenomenon to remove algae from pond effluents.  The results of a study by McGriff 
(1981) of a full-scale operation of a phase isolation system were not consistent. 
 
Oswald and Green, (2000), enhanced algal growth is in a high rate pond with a raceway 
configuration and a slow-moving paddle wheel to keep algae suspended.  This 
concentrated algal slurry is sent to a settling basin, where the algae can be concentrated 
further and sent to a drying bed.  There is potential to use the algal slurry for feed 
supplement, soil fertilization and amendment and, most recently, for biofuel production 
(Woertz et al., 2009, Brune et al., 2009).  
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7.3.2  Baffles and Attached Growth 
The enhancement of attached microbial growth in oxidation ponds is an apparently 
practical solution for maintaining biological populations while still obtaining the 
treatment desired.  Although baffles are considered useful primarily to ensure good 
mixing and to eliminate the problem of short-circuiting, they provide a substrate for 
bacteria, algae, and other microorganisms to grow (Reynolds et al., 1975; Polprasert and 
Agarwalla, 1995).  In general, attached growth surpasses suspended growth if sufficient 
surface area is available. In anaerobic or facultative ponds with baffling or biological 
disks, the microbiological community consists of a gradient of algae to photosynthetic, 
chromogenic bacteria and, finally, to nonphotosynthetic, nonchromogenic bacteria 
(Reynolds et al., 1975).  In these experiments, the microbial growth associated with the 
baffled system was identified as the mechanism that produced a more effective treatment.  
Simple fixed baffles constructed of wood or plastic, floating plastic baffles used to 
improve hydraulic characteristics, or, indeed, any surface can provide a substrate on 
which microbial growth can take place. 
 
Polprasert and Agarwalla (1995) demonstrated the significance of biofilm biomass 
growing on the side walls and bottoms of ponds and presented a model for substrate 
utilization in facultative ponds using first-order reactions for both suspended and biofilm 
biomass. 
 
7.3.3  Land Application 
The design and operation of land treatment systems is described in detail in Reed et al., 
(1995), Crites et al., (2000) and U.S. EPA (2006).  These publications should be 
consulted before designing a land application system to polish a pond effluent. Ecological 
conditions will dictate whether this is as an option that should be considered.  
 
7.3.4  Macrophyte and Animal Systems 
Various macrophytic floating plans have been used to reduce algal concentrations and 
TSS in maturation ponds. Rittman and McCarty (2001).  Detailed design information can 
be obtained in Reed et al., (1995), Pearson and Green (1995), Mara et al. (1996), Pearson 
et al. (2000) and Shilton (2005).   
 
7.3.4.1  Floating Plants 
Water hyacinths (Eichhornia crassipes), duckweed (Lemna spp), pennywort (Centella 
asiatica), and water ferns (Azolla spp.) appear to offer the greatest potential for 
wastewater treatment.  Each has its own environmental requirements, and hyacinths, 
pennywort, and duckweeds are the only floating plants that have been evaluated in pilot - 
or full-scale systems.  Detailed design considerations are presented in Reed et al. (1995).  
Information about the use of these plants to improve wastewater quality for reuse can be 
found in Rose (1999). 
 
7.3.4.2  Submerged Plants 
Submerged aquatic macrophytes for treatment of wastewaters have been studied 
extensively in the laboratory, greenhouses, a pilot study by McNabb (1976), and in large 
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scale wetland storm water treatment systems designed to remove P to less than 20 mg/L 
(South Florida Water Management District, 2003). 
 
7.3.4.3  Daphnia and Brine Shrimp 
Daphnia spp. are filter feeders and their main contribution to wastewater treatment is the 
removal of suspended solids, particularly algae (U.S. EPA, 2002).  Daphnia is sensitive 
to the concentration of NH3 in wastewater, which is toxic to invertebrates.  To be 
effective, shading is required to prevent the growth of algae that will result in high pH 
values during the daytime.  The addition of acid and gentle aeration may be necessary.   
 
7.3.4.4  Fish 
Fish have been grown in treated wastewaters for centuries, and, where toxics are not 
encountered, the process has been successful.  Many species of fish have been used in 
wastewater treatment, but fish activity is temperature dependent.  Most grow successfully 
in warm water. Catfish and minnows are exceptions.  Dissolved oxygen concentrations 
are critical and the presence of NH3 is toxic to the young of the species.  Detailed studies 
of fish in wastewater treatment ponds have been conducted by Coleman (1974) and 
Henderson (1979).  Numerous studies of fish culture have been conducted around the 
world.  Polprasert and Koottatep (2005) presented an excellent summary of the use of 
algae eating fish in pond systems. 
 
7.4  CONTROL OF ALGAE AND DESIGN OF SETTLING BASINS 
Control of algae in wastewater treatment pond effluents has been a major concern 
throughout the history of the use of these systems.  Algae grow in maturation and 
polishing ponds following all types of treatment processes, which increases the TSS in 
the effluent.  State design standards requiring long detention times in the final cell in a 
pond system have inadvertently exacerbated the problem. In recognition of the difference 
between the source of the TSS in the influent and the effluent, the state of Minnesota has 
mandated a higher TSS limit of 45 mg/L for ponds. (Steve Duerre, pers. comm.) 
 
It has been established that few, if any, of the solids in pond effluents are fecal matter or 
material entering the pond system.  This has led to much discussion about the necessity to 
remove algae from pond effluents.  Although the concern that the TSS might harbor 
human pathogens may not be realistic, when the algae die, settle out and decay, they do 
create some O2 demand on the receiving stream.  The concern about decay and O2 
consumption has led to investigations of the most effective methods to remove algae and 
how to design systems to minimize growth in the settling basins.  Toms et al. (1975) 
studied algal growth rates in polishing ponds receiving activated sludge effluents for 18 
months.  They concluded that growth rates for the dominant species were less than 0.48 
/d, and if the HRT was less than two days, algal growth would not be a problem. At HRT 
less than 2.5 days, the effluent TSS decreased. Uhlmann (1971) reported no algal growth 
in hyper-fertilized ponds when the detention times were less than 2.5 days.  Toms et al. 
(1975) evaluated one- and four-cell polishing ponds and found that for HRT beyond 2.5 
days the TSS increased in both ponds, but significant growth did not occur until after 4 - 
5 days in the four-cell pond. 
 



 

7-31 
 

Algae require light to grow, and as light penetration is reduced with increasing depth, it 
might be hypothesized that increasing the depth of a maturation or polishing pond would 
help to reduce algal growth. As most pond cells are trapezoidal, there is little to be gained 
by increasing the depth beyond three to four meters.  Without mechanical mixing, 
thermal stratification occurs in ponds, providing an excellent environment for algae to 
grow.  Disturbing stratification will reduce algal growth.  Rich (1999) recommends some 
degree of aeration for pond cells to control algae.  The higher aeration rate will suspend 
more solids.  The resulting reduction in light transmission helps to reduce the rate of algal 
growth. 

7.4.1 Control of Algal Growth by Shading, Barley Straw and Ultra Sound 

7.4.1.1 Dyes have been applied to small ponds to control algal growth.  However, EPA 
has not approved dyes for use in municipal or industrial wastewater ponds.  Aquashade®, 
a mixture of blue and yellow dyes, is marketed as a means of controlling algae in 
backyard garden pools and large business park and residential development ponds.  The 
product is registered with EPA for these uses.  

7.4.1.2  Fabric Structures 
Operators of ponds in Colorado and other locations have constructed structures 
suspending opaque greenhouse fabrics to reduce or eliminate light transmittance in small 
wastewater ponds.  A partially covered pond using a fabric located in Naturita, Colorado 
is shown in Figure 7-10. 
 

 
Figure 7-10.  Photograph of shading for control of algal growth in Naturita, 
Colorado (R. Bowman, pers. comm., 2000). 
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The screening effect has been successful, but in some cases fabrics were not fastened 
adequately and they were damaged by the wind.  Covering the final pond with adequate 
protection from the wind should reduce or eliminate algal growth.  With full coverage of 
the surface, anaerobic conditions may develop and aeration of the effluent may be 
necessary to meet discharge standards.  Partial shading in correct proportions should 
reduce the possibility of creating anaerobic conditions. 
 
7.4.1.3  Barley Straw 
In 1980 it was observed that the addition of barley straw to a lake reduced the algal 
concentration.  Placing barley straw in ponds has been proposed as a means of controlling 
algal growth. Details for the application of barley straw is given in IACR-Centre for 
Aquatic Plant Management (1999) and the state of Illinois guidance for application and 
discussion of how to classify barley straw in this application is found in Appendix H.  
Figure 7-11 shows a barley straw application in the final cell in an aerated pond system in 
New Baden, Illinois (Zhou et al., 2005). 
 
During decomposition, the chemicals listed in Table 7-11 are released to the water and 
inhibit the growth of algae (Everall and Lees, 1997).  The acceptability of this method of 
algal control by regulatory agencies has not been resolved. 
 

 
 

Figure 7-11. A barley straw boom in cell 3, New Baden, Illinois wastewater pond 
system. 
 
 
Table 7-14.  List of Chemicals Produced by Decomposing Straw (Everall and Lees, 
1997). 
Acetic Acid   
3-Methylbutanoic Acid  
2-Methylbutanonic Acid  
Hexanoic Acid  
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Octanoic Acid  
Nonanoic Acid  
Decanoic Acid  
Dodecanoic Acid  
Tetradecanoic Acid  
Hexadecanoic Acid  
1-Methylnaphthalene  
2-(1,1-Dimethlyethyl Phenol)  
2,6-Dimethoxy-4-(2-propenyl) Phenol  
2,3-Dihydrobenzofuron  
5,6,7,7A-Tetrahydro-4,4,7A-trimethyl-2(4H) benzofuranone  
1,1,4,4-Tetramethyl-2,6-bis(methylene) cyclohexone 
1-Hexacosene  
11 Unidentified  
 
7.4.1.4 Ultra Sound 
Ultra sound devices have been used for algal control in golf course ponds, large 
residential area ponds, and water treatment storage ponds, but limited data are available 
for municipal pond systems.  A microcosm study at the Centre for Aquatic Plant 
Management (CAPM) in Reading, Berkshire, United Kingdom evaluated the efficacy of 
several treatment options to control algae (Clarke, 2004).  Methods included an ultrasonic 
device, a recirculating pump, bacteria, barley straw, Aquavantage (electromagnet 
treatment), EcoFlow (fixed magnet) and a control.  The results of the experiments are 
summarized in Figure 7-12. 
 
According to Clarke (2004), none of the treatments appeared to remove the algae to a 
level that would meet water quality requirements.  Differences in the level of algae could 
be seen, but some of the four replicate tanks in all treatments remained turbid and green. 
The only tanks that were clear were found to be populated by Daphnia spp., an 
invertebrate herbivore.  Clarke reported that no significant differences could be found 
between treatments.  The variability and experimental challenges made it difficult to 
draw conclusions as to the possible causes of either growth or inhibition of growth. 
 
The CAPM investigated the mode of action of ultrasound on algae.  Clarke reported 
Spirogyra and Selenastrum were damaged irreversibly by the treatment. 
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Figure 7-12. Change in chlorophyll over time under different treatment 
conditions (Clarke, 2004). 
 

7.5 COMPARISON OF VARIOUS DESIGN PROCEDURES 
The variety of configurations and objectives of the design approaches for nutrient 
removal make it difficult to make direct comparisons to determine which will be the most 
effective for a given site. Reasonable reaction rates must be selected, but if the pond 
hydraulic system is designed and constructed so that the theoretical HRT is approached, 
reasonable success can be assured with all of the design methods.  Short-circuiting is the 
greatest deterrent to successful pond performance, barring any toxic effects.  The 
importance of the hydraulic design of a pond system to achieve water quality objectives 
cannot be overemphasized. 
 
7.6  OPERATIONAL MODIFICATIONS TO FACULTATIVE PONDS 
 
7.6.1  Controlled Discharge Ponds 
No rational or empirical design model exists specifically for the design of controlled 
discharge wastewater ponds.  The unique features of controlled discharge ponds are long-
term retention and periodic, controlled discharge usually once or twice a year. Rational 
and empirical design models applied to facultative pond design may also be applied to the 
design of controlled discharge ponds, provided allowance is made for the required larger 
storage volumes. Application of the ideal plug flow model developed for facultative 
ponds can be applied to controlled discharge ponds if HRTs of less than 120 days are 
considered. A study of 49 controlled discharge ponds in Michigan indicated that 
discharge periods vary from less than 5 days to more than 31 days, and residence times 
were 120 days or greater (Pierce, 1974). Ponds of this type have operated satisfactorily in 
the north-central United States using the following design criteria: 
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• Overall organic loading: 22-28 kg BOD5/ha/d (20-25 lb BOD5/ac/d) 
• Liquid depth: Not more than 2 m (6 ft) for the first cell, not more than 2.5 m (8 ft) 

for subsequent cells 
• Hydraulic detention: At least 6 months of storage above the 0.6 m (2 ft) liquid 

level (including precipitation), but not less than the period of ice cover 
• Number of cells: At least 3 for reliability, with piping flexibility for parallel or 

series operation 
 
The design of the controlled discharge pond must include an analysis showing that 
receiving stream water quality standards will be maintained during discharge intervals, 
and that the receiving watercourses can accommodate the discharge rate from the pond. 
The design must also include a recommended discharge schedule.  
 
Selecting the optimum day and hour for release of the pond contents is critical to the 
success of this method. The operation and maintenance manual must include instructions 
on how to correlate pond discharge with effluent and stream quality. The pond contents 
and stream must be carefully monitored before and during the release of the pond 
contents. 
 
In a typical program, discharge of effluents follows a consistent pattern for all ponds. The 
following steps are usually taken: 
 

• Isolate the cell to be discharged, usually the final one in the series, by shutting off 
the valve on the inlet line from the preceding cell. 

 
• Arrange to analyze samples for BOD5, TSS, VSS, pH, and other parameters 

which may be required for a particular location. 
 

• Plan work so as to be able to spend full time on control of the discharge 
throughout the period. 

 
• Sample contents of the cell to be discharged for DO, noting turbidity, color, and 

any unusual conditions. 
 

• Monitor conditions in the stream to receive the effluent. 
 

• Notify the state regulatory agency of results of these observations and plans for 
discharge and obtain approval. 

 
• If discharge is approved, commence discharge, and continue so long as weather is 

favorable, DO is near or above saturation values, and turbidity is not excessive 
following the prearranged discharge flow pattern among the cells.  
 

o Draw down the last 2 cells in the series (if there are 3 or more) to about 46 
- 60 cm (18 - 24 in) after isolation, interrupting the discharge for a week or 
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more to divert raw waste to a cell that has been drawn down, and resting 
the initial cell before its discharge.  

o When the first cell is drawn down to about 60 cm (24 in) depth, the usual 
series flow pattern, without discharge, is resumed.  

o During discharge to the receiving waters, samples should be taken at least 
3 times each day near the discharge pipe for immediate DO analysis. 
Additional testing may be required for TSS. 

 
Experience with these ponds is limited to northern states with seasonal and climatic 
influences on algal growth. See Appendix G for step-by-step instructions for controlled 
discharge operation (Minnesota Pollution Control Authority).  The process will be quite 
effective for BOD5 removal in any location and will also work with a more frequent 
discharge cycle than semi-annually, depending on receiving water conditions and 
requirements. Operating the isolation cell on a fill-and-draw batch basis is similar to the 
“phase isolation” technique. 
 
7.6.2  Complete Retention Ponds 
In areas of the United States where the moisture deficit (evaporation minus rainfall) 
exceeds 75 cm (30 in) annually, a complete retention wastewater pond may prove to be 
the most economical method of disposal. Complete retention ponds must be sized to 
provide the necessary surface area to evaporate the total annual wastewater volume plus 
the precipitation that would fall on the pond. The system should be designed for the 
maximum wet year and minimum evaporation year of record if overflow is not 
permissible under any circumstances. Less-stringent design standards may be appropriate 
in situations where occasional overflow is acceptable or an alternative disposal area is 
available under emergency conditions. 
 
Monthly evaporation and precipitation rates must be known to properly size the system. 
Complete retention ponds usually require large land areas, and these areas may not be 
productive once they have been committed to this type of system. Land for this system 
must be naturally flat or be shaped to provide ponds that are uniform in depth, and have 
large surface areas. The design procedure for a complete retention wastewater pond 
system is presented in the following example. 
 
7.6.2.1  Design Conditions 
See Appendix C, Example C-7-3. 
 
7.6.3  Hydrograph Controlled Release   
The hydrograph controlled release (HCR) pond is a variation of the controlled discharge 
pond.  This management practice was first put into practice in the southern United States, 
but can be used successfully in most areas of the world.  In this case the discharge periods 
are controlled by a gauging station in the receiving stream and are allowed to occur 
during high flow periods.  During low flow periods, the effluent is stored in the HCR 
pond. 
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The process design uses conventional facultative or aerated ponds for the basic treatment, 
followed by the HCR cell for storage and/or discharge.  No treatment allowances are 
made during design for the residence time in the HCR cell; its sole function is storage.  
Depending on stream flow conditions, storage needs may range from 30 - 120 days.  The 
design maximum water level in the HCR cell is typically about 2.4 m (8 ft), with the 
minimum water level at 0.6 m (2 ft).  Other physical elements are similar to conventional 
pond systems.   The major advantage of the HCR system is the possibility of utilizing 
lower discharge standards during high flow conditions as compared to a system designed 
for very stringent low flow requirements operated on a continuous basis.  A summary of 
the design approach is shown in Appendix B. 
 
Table 7-15.  Hydrograph Controlled Release Pond Design Basics Used in United 
States. 
a.  Basic Principle:  At critical low river flow, BOD5 and TSS loadings are reduced by restricting 
effluent discharge rates rather than decreasing concentration of pollutants. Zirschsky and 
Thomas (1987). 
b.  Pond system must be sized to retain wastewater during low flow (Q10/7).  Use existing ponds 
or build storage ponds.   
Q10/7 = once-in-10-year low flow rate for 7-day period.  Zirschsky and Thomas (1987).  
c.  Assimilative capacity of receiving stream must be established by studying historical data or 
estimated using techniques such as that proposed by Hill and Zitta (1982). 
 
Zirschsky and Thomas (1987) performed a nationwide assessment of HCR systems, 
which showed that they are effective, economical and simple to operate.  HCR systems 
were also found to be an effective means of upgrading a pond effluent.   
 
7.7  COMBINED SYSTEMS 
In certain situations it is desirable to design pond systems in combinations, i.e., an 
anaerobic or an aerated pond (Li et al., 2006) followed by a facultative or a polishing 
pond.  These combinations use the same design as the individual ponds.  For example, the 
aerated pond would be designed as described in Chapter 3, Section 3.4, and the predicted 
effluent quality from this unit would be the influent quality for the facultative pond, 
which would be designed as described in Chapter 3, Section 3.3.  Many of the proprietary 
systems described in Chapter 4 are combinations of various types of ponds.   
 
7.8  PERFORMANCE COMPARISONS WITH OTHER REMOVAL METHODS 
Designers and owners of small systems are strongly encouraged to use as simple a 
technology as feasible.  Experience has shown that small communities or larger 
municipalities without properly trained operating personnel and access to spare parts, 
inevitably encounter serious maintenance problems using sophisticated technology and 
frequently fail to meet effluent standards.  Methods discussed in this chapter that require 
good maintenance and operator skills are dissolved air flotation, centrifugation, 
coagulation-flocculation, and granular media filtration (rapid sand or mixed-media filters 
with chemical addition).  At locations where operation and maintenance are available, 
these processes can be made to work well. 
 
In summary, there are many methods of removing or controlling algae concentrations in 
pond effluents. Selection of the proper method for a particular site is dependent on many 
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variables.  Small communities with limited resources and untrained operating personnel 
should select as simple a system as is suitable to the site situation.   
 
In rural areas with adequate land, ponds such as controlled discharge ponds or 
hydrograph controlled release ponds are an appropriate choice.  In arid areas, the total 
containment pond should be considered.  Performance by these types of treatment is 
controlled by selecting the time of discharge and can be managed to produce an effluent 
(BOD5 and TSS < 30 mg/L) that meets compliance standards. 
 
Where land is limited and resources and personnel are not available, it is best to utilize 
relatively simple methods to control algae in effluents.  Intermittent sand filters, 
application of effluent to farmlands, overland flow, rapid infiltration, constructed 
wetlands, and rock filters are reasonable choices.  Intermittent sand filters with low 
application rates and a warm climate will provide nitrification.  Application to farm land 
will reduce both N and P, while producing a satisfactory effluent. 
 


