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Outline

• Introduction and Background
• Purpose(s)
• Design and Construction
• Sampling and Monitoring
• Results
• Conclusions
• Future concerns

Why wetlands?
• In places where traditional leach 

fields are not feasible(ie; thin soils 
over bedrock) treatment wetlands 
may be constructed to improve the 
effluent quality prior to dispersal 
into the soil and then drip irrigation 
or alternative disposal may be 
feasible. 

• Interim or additional treatment

Introduction
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Why Standard 40?
• Currently constructed treatment wetlands are 

approved on a case-by-case basis and regulators 
must rely on a variety of methods used to evaluate 
the wetlands being proposed.

• NSF/ANSI Standard 40 is well documented 
• NSF/ANSI Standard 40 is a rigorous evaluation 

procedure that simulates household use
• NSF/ANSI Standard 40 can be repeated

Introduction

Purpose(s)
• 1.  Septic/Wetland System Performance 

under NSF/ANSI Standard 40
• 2.  Wetland Treatment Efficiency

(ie; % removal)
• 3.  Applicability of Std 40 to Wetlands

(created for aerobic on-site systems)
• 4.  Improve our knowledge

of constructed treatment wetlands 

Introduction
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B W R P
location

S. of Waco, Tx

BWRP

What we did

Design and Construction
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1500 gallon
2-chambered
septic tank

Dosing 
bucket

Wetland

Fluid Flow

1. Raw from 
WMARSS

2. NSF dose tank
3. BWRP dose shed
4. Septic tank
5. Wetland
6. Sump
7. Wet. return tank
8. Main return tank
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Subsurface-flow Wetland Design

• 50 feet long X 10 feet wide  X 1 foot deep
• 9-inches of water
• 0-gradient, rubber-lined, gravel-filled

Design Specifics
• 10 x 50 ft (500 ft2)
• 2-tier RR ties w/ re-bar
• Bentonite clay base
• Rubber liner
• Chamber 



7

Grade -3 Concrete Rock
Percent Retained 

17.34
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24.43
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Waco Wetland

washed roots

Brazos R. Transplants

Nursery
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Plants
Density 1/3-ft2

Cattail, Bulrush, Pickerel weed and Iris

No No 

Plants Plants

P P P P P 
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I P  I P I

P P P P P 
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B + B + C B + B +

B B C B B

B B B B B

Plants “as is” 
June 2006

• Lavender = Pickerel Weed
• Yellow = Iris
• Green= Bulrush
• Orange= Cattail
• Aqua = Elephant Ear
• Gray = missing plants
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Plants “as is” 
June 2006

• Lavender = Pickerel Weed
• Yellow = Iris
• Green= Bulrush
• Orange= Cattail
• Aqua = Elephant Ear
• Gray = missing plants

P P P P P 
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B X B B B

P I P I P 

P I o I P 

P I P I P 

P B B B P 

P B C X P 

B B C B X

P B X B B

P B B B P 

P P I P P 

P P o P P 

P P I P P 

B B X B B

I B B B I

I B C B I

I B C B I

B B C B B

P P o P P 

P P I P P co

Sampling 
Methodology

• Raw (1)
– BOD and TSS

• Septic effluent (4)
– BOD and TSS
– CBOD and TSS
– nutrients

• Wetland effluent (5)
– CBOD and TSS
– nutrients
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Dosing 
Method

• Dosing
Household use 500 gpd 
5 gal/dose at 100 doses/day

35 between 6am-9am
25 between 11am-2pm
40 between 5pm-8pm

Dosing 
Method

• Dosing

• Float counter
• Hour meter

• Water meter 
return tank 
gallons
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Sampling 
Methodology

influent

• CBOD5,TSS
– Influent and effluent

24-hr flow-proportional 
composite, 

5 days/week

effluent

Sampling 
Methodology Con’t

• Sample ports

• 12.5 feet

• 25 feet 

• 37.5 feet 
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Plants and Biofilm

The TSS daily and 30-day averages compared to 
Standard 40, 30-day average
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The TSS daily and 7-day averages compared to 
Standard 40, 7-day average
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The CBOD daily and 30-day averages compared 
to Standard 40, 30-day average
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The CBOD daily and 7-day averages compared to 
Standard 40, 7-day average
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Conclusion #1
• Evaluate a Submerged-bed Wetland using Std 

40 Criteria – Pass/Fail

– Design loading Std Eff
• pH Pass 6-9 6.47 - 7.01
• TSS Pass

– 30-day average 30 mg/l 21 mg/l
– 7-day average 45 mg/l 21 mg/l
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Conclusion #1 con’t.
• Evaluate a Submerged-bed Wetland using Std 40 

Criteria – Pass/Fail
– Design loading CBOD5

• 1-24-06 to3-31-06 Fail Std Eff
– 30-day average 25 mg/l 65 mg/l

– 7-day average 40 mg/l 64 mg/l

• 4-3-06 to 5-31-06 Pass Std Eff
– 30-day average 25 mg/l 15 mg/l

– 7-day average 40 mg/l 17 mg/l

Wetland effluent 30-day averages 
during design loading

Feb. Mar. Apr. May

TSS
(mg/L)

18.9 11.3 6.35 9.13

CBOD
(mg/L)

70.0 60.1 22.2 12.8

pH 6.97 6.88 6.80 6.53

Temp.
(°C)

15.3 20.0 23.4 25.9

TN
(mg/L)

26.4 29.5 34.5 P

TP
(mg/L)

3.20 4.73 4.55
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Wetland effluent weekly averages 
following stress tests

June & July

2006

Wash
day

Working
parent

Power
out

Vacation

TSS (mg/L) 5 5 5 4

CBOD (mg/L) 7 5 6 9

pH 6.97 6.88 6.80 6.53

Temp.
(°C)

15.3 20.0 23.4 25.9

TN
(mg/L)

26.4 29.5 34.5 Pending

TP
(mg/L)

3.20 4.73 4.55 Pending

Vacation Stress Temperatures

• July 17, 2006, the wetland surface temperature 
averaged 109.58 F
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Standard 40 Wetland
Vacation Stress

• Starting in the upper left 
from left to right and 
top to bottom the days 
are: 0, 2, 6, 8, 10 and 
then 10 days after water 
was re-introduced. 

• July 9-17, 2006 
• Temperatures > 100F
• 74% of water lost
• 36% of plants lost

Effects of Vacation stress on 
Standard 40 wetland
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Wetland effluent weekly and monthly design 
loading averages following stress tests

Week 1
day

Week 2 Week 3 Month

TSS (mg/L) 4 3 4 4

CBOD (mg/L) 3 3 7 4

pH 6.97 6.88 6.80 6.53

Temp.
(°C)

15.3 20.0 23.4 25.9

TN
(mg/L)

26.4 29.5 34.5 Pending

TP
(mg/L)

3.20 4.73 4.55 Pending

Conclusion #2
• Evaluate the efficiency of 

treatment in the wetland
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TSS 30-day Average
% Reduction

Raw
Effluent
(mg/L)

Septic
Effluent
(mg/L)

Wetland
Effluent
(mg/L)

Wetland
%

Reduction

System
%

Reduction

February 274 39.4 18.9 52.1 93.1

March 309 29.2 11.3 61.4 90.6

April 354 28.1 6.4 77.4 92.1

May 317 28.6 7.1 75.0 91.0

CBOD 30-day Average
% Reduction

Raw
Effluent
(mg/L)

Septic
Effluent
(mg/L)

Wetland
Effluent
(mg/L)

Wetland
%

Reduction

System
%

Reduction

February 254 127 70.1 44.6 72.4

March 249 128 60.1 53.2 75.9

April 289 106 22.2 79.1 92.3

May 220 45.5 9.5 79.2 95.7
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Total N 30-day Average
% Reduction

Septic
Effluent
(mg/L)

Wetland
Effluent
(mg/L)

�  mg/L
% 

Reduction

February 34.57 26.44 8.13 23.51

March 36.33 29.53 6.8 18.72

April 43.08 34.54 8.54 19.82

May Pending Pending Pending Pending

Observations
Biofilm Development

• Biofilm 
development in 
the beginning

• Biofilm 
development 
presently 
(June 06)
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Observations
Wetland Temperature

Plant Growth
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Conclusion #3
• Evaluate a Submerged-bed Wetland using Std 40 Criteria

• Evaluate the efficiency of treatment in the wetland

• Comment on the applicability of Std 40 for wetlands
We need some modifications!

1. Role of the septic tank
2. Time to develop
3. Plants
4. Temperature
5. Precipitation

Conclusion #4

• Improve our knowledge of treatment 
wetlands?

Absolutely!
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Observations
Emerging Plants 

3-5-06

• Cattail – 78%
• Pickerel Weed - 72%
• Iris - 64%
• Bulrush - 29%
• Overall – 56%

No No 
Plants Plants

P P P P P 
P + P + P  P + P + 
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P + P +  o P + P + 
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P B C B P 
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B B B B B
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I B C B I
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P P I P P co

Plant growth – pickerel weeds
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Wetland effluent 30-day averages 
during design loading

Feb. Mar.
Oct.

Apr. May

TSS
(mg/L)

18.9 11.3 6.35 9.13

CBOD
(mg/L)

70.0 60.1 22.2 12.8

pH 6.97 6.88 6.80 6.53

Temp.
(°C)

15.3 20.0 23.4 25.9

TN
(mg/L)

26.4 29.5
19.8

34.5 P

TP
(mg/L)

3.20 4.73
6.35

4.55

Wetland effluent 30-day averages 
during design loading

TEST #1 Feb. Mar. Apr. May

TSS
(mg/L)

19 11 6 9

CBOD
(mg/L)

70 60 22 13

TEST #2 Sep. Oct. Nov. Dec.

TSS
(mg/L)

2 5 6 7

CBOD
(mg/L)

2 5 5 8



25

Acknowledgements
• TAMU – Dr. Bruce Lesikar
• Texas Ag. Ext. Service

• John, Heath, Josh, 
• Justin and David

• City of Waco
• Tom Conry, Mike Jupe, 
• Cruz Garcia and Nora Schell

• NSF
• David Jumper, Dustin Patton, 
• Tom Bruuersma and Adriana Greco

• Firestone -Paul Amos

• Brian Scheffe

Questions?


