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BackgroundBackground
Onsite Wastewater Treatment is a permanent Onsite Wastewater Treatment is a permanent 
solutionsolution
Need effective systemNeed effective system
Restaurant wastewater different from Restaurant wastewater different from 
residential wastewaterresidential wastewater
Scoping study was neededScoping study was needed

Wastewater Loading Wastewater Loading 
Wastewater quantityWastewater quantity

Hydraulic loadingHydraulic loadingHydraulic loadingHydraulic loading
Residential 100Residential 100--150 150 
gallons per bedroomgallons per bedroom

Wastewater qualityWastewater quality
Organic loadingOrganic loading
Residential < 300 Residential < 300 
mg/L BODmg/L BODmg/L BODmg/L BOD55
Oxygen demandOxygen demand

Residential and Residential and 
commercial facilitiescommercial facilities
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Wastewater QuantityWastewater Quantity
Types of FlowTypes of Flow

ResidentialResidential
CommercialCommercial

DesignDesign
Daily FlowDaily Flow

AverageAverage
Surge Surge 
PeakPeak
SeasonalSeasonal
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Commercial WastewaterCommercial Wastewater

StrengthStrength
Usually greater Usually greater 
than residentialthan residential
Operation basedOperation based
•• Food Food 

preparationpreparationpreparationpreparation
•• RestroomsRestrooms
•• LaundryLaundry

WASTEWATER QUALITYWASTEWATER QUALITY
BODBOD

BiochemicalBiochemicalBiochemical Biochemical 
oxygen demandoxygen demand

TSSTSS
Total suspended Total suspended 
solidssolids

FOGFOG
Fats, oils & greaseFats, oils & grease
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High Strength WastewaterHigh Strength Wastewater

1) Influent having 1) Influent having 
BODBOD >> 300 mg/L300 mg/LBODBOD55 >> 300 mg/L, 300 mg/L, 
and/or TSS and/or TSS >> 200 mg/L, 200 mg/L, 
and/or fats, oils, and grease (FOG) and/or fats, oils, and grease (FOG) >> 50 mg/L 50 mg/L 
entering a pretreatment component entering a pretreatment component 

2) Effluent from a septic tank or other 2) Effluent from a septic tank or other 
pretreatment component that has:pretreatment component that has:pretreatment component that has:pretreatment component that has:

BODBOD55 >> 140 mg/L, 140 mg/L, 
and/or TSS and/or TSS >> 60 mg/L, 60 mg/L, 
and/or (FOG) and/or (FOG) >> 25 mg/L and is applied to an 25 mg/L and is applied to an 
infiltrative surface.infiltrative surface.

Mass Loading CalculationMass Loading Calculation
Residential strengthResidential strength

Calculate mass loading to a systemCalculate mass loading to a system
Concentration in wastewaterConcentration in wastewater
Volume of wastewaterVolume of wastewater

Mass (lb) = 140 (mg/L) x 200 (gpd) x 0.00000834Mass (lb) = 140 (mg/L) x 200 (gpd) x 0.00000834
Mass (lb) = 0.23 lbs per dayMass (lb) = 0.23 lbs per day

Commercial strengthCommercial strengthCommercial strengthCommercial strength
Mass (lb) = C (mg/L) x Q (gpd) x 0.00000834Mass (lb) = C (mg/L) x Q (gpd) x 0.00000834
Mass (lb) = 600 (mg/L) x 500 (gpd) x 0.00000834Mass (lb) = 600 (mg/L) x 500 (gpd) x 0.00000834
Mass (lb) = 2.5 lbs per dayMass (lb) = 2.5 lbs per day
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Mass LoadingMass Loading
Calculate mass loading to a systemCalculate mass loading to a system

Number of people (capita) & Organic loading rateNumber of people (capita) & Organic loading rate
Mass (lb) = P (# of people) x OMass (lb) = P (# of people) x OLL (lbs per capita(lbs per capita-- day)day)
Mass (lb) = 5 (# of people) x 0.17Mass (lb) = 5 (# of people) x 0.17 (lbs per capita(lbs per capita-- day)day)
Mass (lb) = 0.85 lbs per dayMass (lb) = 0.85 lbs per day
Mass (lb) = 5 (# of people) x 0.25Mass (lb) = 5 (# of people) x 0.25 (lbs per capita(lbs per capita-- day)day)
Mass (lb) = 1 25 lbs per dayMass (lb) = 1 25 lbs per dayMass (lb) = 1.25 lbs per dayMass (lb) = 1.25 lbs per day

lbs BOD5/cap/day 
 

Class 
 
Persons Per Unit 

 
gal/cap/day 

 
Average 

 
with Garbage 

Grinder 

 

Subdivisions, Higher Cost 3.5 100 0.17 0.25 
Subdivisions, Average 3.5 90 0.17 0.23 
Subdivisions, Low Cost 3.5 70 0.17 0.20 

(Goldstein and Moberg, 1973)

Study ParticipantsStudy Participants

Study conducted by Texas Onsite Study conducted by Texas Onsite 
W t t T t t R h C ilW t t T t t R h C ilWastewater Treatment Research CouncilWastewater Treatment Research Council
Contracted with three laboratories to Contracted with three laboratories to 
collect samples, analyze samples and collect samples, analyze samples and 
report datareport data
Texas A&M University System AnalyzedTexas A&M University System AnalyzedTexas A&M University System Analyzed Texas A&M University System Analyzed 
DataData



4/22/2008

8

Restaurants SampledRestaurants Sampled

28 Restaurants28 Restaurants
T f R t tT f R t tTypes of RestaurantsTypes of Restaurants

Single serviceSingle service
Full serviceFull service
Buffet Buffet 

Cuisine typesCuisine types

Wastewater CollectionWastewater Collection
Three different laboratoriesThree different laboratories

Lab ALab A –– 10 restaurants10 restaurantsLab A Lab A –– 10 restaurants10 restaurants
Lab B Lab B –– 9 restaurants9 restaurants
Lab C Lab C –– 9 restaurants 9 restaurants 

Sampling programSampling program
Grab sample (noon to 3 p.m.)Grab sample (noon to 3 p.m.)
Sampling for 6 consecutive daysSampling for 6 consecutive days
Two sampling eventsTwo sampling events
6 days x 2 events x 28 restaurants = 336 samples6 days x 2 events x 28 restaurants = 336 samples
Samples collected after grease trapSamples collected after grease trap
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Raw BOD DataRaw BOD Data
N= 304N= 304
Max =Max =

 

10%

12%

Max = Max = 
20,100 20,100 
mg/lmg/l
Skewed Skewed 
to rightto right 0%

2%

4%

6%

8%

10%

5

20
0

40
0

60
0

80
0

10
00

12
00

14
00

16
00

18
00

20
00

22
00

24
00

26
00

28
00

30
00

50
00

70
00

90
00

10
00

30
00

50
00

70
00

90
00

10
00

R
el

at
iv

e 
Fr

eq
ue

nc
y

1 1 1 1 1 2

Concentration (mg/l)

Trimmed BOD DataTrimmed BOD Data

N= 284N= 284
R dR d

 
20% 0.16

Removed Removed 
11 values 11 values 
between between 
4,100 and 4,100 and 
20,100 20,100 
mg/lmg/l 0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

R
el

at
iv

e 
Fr

eq
ue

nc
y

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

G
am

m
a 

Va
lu

edata gamma

mg/lmg/l
9 values 9 values 
TSS/FOGTSS/FOG

0%

0
20

0
40

0
60

0
80

0
10

00
12

00
14

00
16

00
18

00
20

00
22

00
24

00
26

00
28

00
30

00
32

00
34

00
36

00
38

00
40

00
42

00

Concentration (mg/l)

0



4/22/2008

10

Raw TSS DataRaw TSS Data

N= 332N= 332
MM
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Raw FOG DataRaw FOG Data
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MM

 

16%
18%
20%

yMax = Max = 
700,000 700,000 
mg/lmg/l
Skewed Skewed 
to rightto right 0%

2%
4%
6%
8%

10%
12%
14%
16%

5 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

60
0

80
0

10
00

20
00

0

40
00

0

60
00

0

80
00

0

1E
+0

5

3E
+0

5

5E
+0

5

7E
+0

5

R
el

at
iv

e 
Fr

eq
ue

nc
y

Concentration (mg/l)

Trimmed FOG DataTrimmed FOG Data

N = 311N = 311
R dR d

 
35% 0.3

Removed Removed 
13 values 13 values 
between between 
1,129 and 1,129 and 
700,000 700,000 
mg/lmg/l

0%

5%

10%

15%

20%

25%

30%

0 50 10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

75
0

80
0

85
0

90
0

95
0

10
00

10
50

R
el

at
iv

e 
Fr

eq
ue

nc
y

0

0.05

0.1

0.15

0.2

0.25

G
am

m
a 

Va
lu

e

data gamma

mg/lmg/l
7 values 7 values 
BODBOD55/TSS/TSS

Concentration (mg/l)



4/22/2008

12

Raw Flow DataRaw Flow Data

N = 336N = 336
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Summary StatisticsSummary Statistics
Raw  Data Trimmed Data

Mean 1,584 1,040
Std. Dev. 2,902 690

G i M 932 833
BOD5 

( /l) Geometric Mean 932 833
Geo. Mean + Std Dev. 3,834 1,523

Mean 1,030 358
Std. Dev. 7,113 430

Geometric Mean 257 234
Geo. Mean + Std Dev. 7,370 664

(mg/l)    

TSS 
(mg/l)    

Mean 4,520 123
Std. Dev. 51,400 107

Geometric Mean 108 90
Geo. Mean + Std Dev. 51,508 197

FOG 
(mg/l)    

Percent of Data Captured Percent of Data Captured 
(Geometric Mean plus One Std. Dev.)(Geometric Mean plus One Std. Dev.)

ParameterParameter % Data Covered% Data Covered

BODBOD55 8282

TSSTSS 8787

FOGFOG 8181
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Design GuidelinesDesign Guidelines
Burk & Minnis Burk & Minnis 

(1994)(1994)
Tchobanoglous Tchobanoglous 

(1991)(1991)
Goldstein Goldstein 
& Moberg & Moberg 

This StudyThis Study

(1973)(1973)
RangeRange TypicalTypical WeakWeak MedMed StrongStrong MeanMean MeanMean

+Dev+Dev

BODBOD55
(mg/l)(mg/l)

100100--
400400

250250 110110 220220 400400 450450 10451045 15231523

TSSTSS 100100 220220 100100 220220 350350 N AN A 358358 664664TSS TSS 
(mg/l)(mg/l)

100100--
400400

220220 100100 220220 350350 N.A.N.A. 358358 664664

FOG FOG 
(mg/)(mg/)

5050--150150 100100 5050 100100 150150 N.A.N.A. 123123 197197

Management PracticesManagement Practices
After hours cleanup After hours cleanup 
(AHC)(AHC)
AHC chemicals usedAHC chemicals used

Low flow fixturesLow flow fixtures
Cooking oil type (liquid)Cooking oil type (liquid)
C ki il t ( lid)C ki il t ( lid)AHC chemicals usedAHC chemicals used

Automatic flush fixturesAutomatic flush fixtures
Buffet style facilityBuffet style facility
Cuisine typeCuisine type
Food defrostingFood defrosting
Full service alcohol barFull service alcohol bar

Cooking oil type (solid)Cooking oil type (solid)
Salad Bar (self serve)Salad Bar (self serve)
Service type (Full or Service type (Full or 
single)single)
Self serve fountain drinkSelf serve fountain drink
Number of seatsNumber of seats

Garbage disposal usGarbage disposal us
Ice cream/Yogurt Ice cream/Yogurt 
machinesmachines
Kitchen laundryKitchen laundry
Lawn Irrigation system Lawn Irrigation system 

Square footageSquare footage
Meals servedMeals served
Hours of operationHours of operation
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Significant Facility Management Significant Facility Management 
Practices (This Data Set)Practices (This Data Set)

Cuisine typeCuisine type
Salad bar (self service)Salad bar (self service)
Number of seatsNumber of seats

Note:  Self reported data.. Further review Note:  Self reported data.. Further review 
of all practices with future studiesof all practices with future studies

Influences of Cuisine Type and Influences of Cuisine Type and 
Management PracticesManagement Practices

Possible IndicatorPossible Indicator Final Parameter EstimateFinal Parameter Estimate
Cuisine TypeCuisine Type ----Cuisine TypeCuisine Type
Primarily MexicanPrimarily Mexican 0.2350.235
Primarily AsianPrimarily Asian 0.1590.159
SeafoodSeafood 0.0000.000
Single ServiceSingle Service-- primarily American primarily American --0.3950.395
Full Service Full Service –– primarily Americanprimarily American --0.4460.446
Self Serve Salad BarSelf Serve Salad Bar 0 5740 574Self Serve Salad BarSelf Serve Salad Bar 0.5740.574
Number of SeatsNumber of Seats --0.0020.002
Note:  Seafood was arbitrarily set Note:  Seafood was arbitrarily set 
as baseline for the Cuisine type as baseline for the Cuisine type 
categorycategory



4/22/2008

16

Selecting a design number ?Selecting a design number ?
Current guidance Current guidance 
underestimates waste underestimates waste 
strengthstrength
What estimateWhat estimate

AverageAverage
Average plus 1 Average plus 1 
Standard DeviationStandard Deviation

O tliO tliOutliers Outliers 
Poor decisionsPoor decisions
Management Management 

SummarySummary
Scoping StudyScoping Study
Grab samples from 28 restaurantsGrab samples from 28 restaurants
BODBOD55 Data 2 to 8 times greater than design Data 2 to 8 times greater than design 
valuesvalues
TSS and FOG are greater than design valuesTSS and FOG are greater than design values
What design value to choose?What design value to choose?

AverageAveragegg
Average + Std DeviationAverage + Std Deviation

Wastewater strength is still tied to facility Wastewater strength is still tied to facility 
practices practices 


