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10.0  LTBOD DATA  
 
10.1 LOCATIONS OF SAMPLES 
Water samples were collected for Long Term Biochemical Oxygen Demand (LTBOD) analysis 

from marsh tributaries and main river channels.  LTBOD analysis on both the marsh exchange 

tributaries and main river channel were performed to assist in water quality model calibration.  

Discussion of the how the results of laboratory LTBOD analysis will be used in the water quality 

model calibration are provided in section 10-4.     

 

LTBOD samples were collected during two events during the summer 1999 data collection 

effort, the Marsh Exchange Transects and LTBOD station sampling events.  Marsh exchange 

transect sampling locations are labeled T1, T2, T3, T4, andT5 in Figure 9-26.  LTBOD Marsh 

Exchange Transects were a special event data collection effort.  LTBOD samples were 

collected only one day of the marsh exchange transect water chemistry sampling effort.  LTBOD 

sampling station locations in the lower Savannah River are shown in Figure 10-1.  Only LTBOD 

samples were collected at LTBOD sampling stations.  Station locations were selected to gather 

representational ultimate BOD data for sections of the river.  LTBOD stations are labeled CLYO 

and LTBOD01 to LTBOD06.  

 

10.2 SAMPLE DATES 
LTBOD sampling dates are listed in Table 10-1. 

 

10.3 SAMPLE COLLECTION PROTOCAL 
Sampling for the marsh transects and LTBOD stations followed separate methodologies.  

Sample collection, containers, labeling, delivery to laboratory, and reporting were shared 

sample protocol between the two methodologies.      

 

All LTBOD sample containers were filled from a composite sample of the water column.  One 

profile at the midpoint of the tributary cross section was performed for the marsh exchange 

transect samples.   Three profiles of the water column were performed for the LTBOD station at 

quarter, midpoint and three-quarters points of the River cross-section.  A profile of the water 

column consists of three grab samples. Grab samples were collected at 1 meter above the 

bottom, mid-depth, and 1 meter below the surface using a Field Master messenger sampler.   
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Grab samples, messenger sampler volumes, were combined into a 10-gallon bucket before 

filling the sample container.  Three messenger sampler volumes were combined for marsh 

exchange transect samples.  Nine messenger sampler volumes were combined for LTBOD 

station samples.  Collecting water samples from a variety of depths for a single location 

provides a composite sample.  A composite sample is representative a variety of water quality 

conditions that may exist at a single point. 

 

Sampling times for the two LTBOD sampling events, Marsh Exchange Transect and LTBOD 

stations sampling, were unique to each event.  LTBOD sampling times were determined by tidal 

conditions.   

 

Marsh Exchange Transect samples were collected at mid-tide conditions and LTBOD stations 

were collected at slack tide conditions.  Two Marsh Exchange Transect samples were collected 

at mid-tide conditions for ebb and flood tides.  Marsh Exchange Transects are located in marsh 

tributaries (see Figure 9-26).  Mid-tide conditions are defined as the time between the predicted 

maximum and minimum water surface elevation at the transect location.  Capturing the mid-tide 

event provides a representative water sample of the water quality exchanging, entering and 

leaving, the marsh through the tributary.    

 

Two field crews were required to collect scheduled samples at the five Marsh Exchange 

Transects.  Each field crew would rotate between their assigned transect samples collecting 

scheduled Savannah Labs samples and two LTBOD samples, flood and ebb tide.  Results from 

Marsh Exchange Transect water quality samples are discussed in section 9 of this report, Marsh 

Exchange Transect LTBOD samples are discussed in this section.   

 

LTBOD station samples were collected at High Slack and Low Slack events.  Observations of 

slack conditions at I-95 Bridge are approximately 1.5 hours delayed from slack at Ft. Pulaski.  

Therefore a field crew traveled upriver to capture the slack conditions at sampling locations.  

Sampling was performed in the following order as field crews traveled upriver in the following 

order: LTBOD-01, LTBOD-06, LTBOD-02, LTBOD-03, LTBOD-05, and LTBOD-04.  A separate 

field crew would collect a LTBOD sample at Clyo, Georgia the same day of the LTBOD station 

sampling.  The Clyo sample was collected only once for each LTBOD sampling date since Clyo 

is upriver of tidal influence. 
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The USACE Engineers Depot on the Savannah River (RM 13.9) served as the staging point for 

the summer 1999 data collection effort.  The field crew examined the tides to determine 

approximate time of the slack events the day before LTBOD sampling date.  Marsh Exchange 

Transect LTBOD samples were collected within a schedule of Savannah Laboratories water 

chemistry samples.  Times of LTBOD station sample collection was determined by the predicted 

slack conditions at station locations.  Departure time from the USACE Engineers Depot was 

determined by the travel time and sample collection duration. Travel time from the USACE 

Engineers Depot is approximately 20 minutes.   

 

Sampler volumes were emptied into the 10-gallon without entraining air into sample volume.  

The messenger sampler has a plastic plunger at either end of the acrylic cylinder body.  When 

depth in the 10-gallon bucket was significant enough, one plastic plunger was opened 

underneath the water surface to avoid entraining air in the water sample.  Valves on either 

plunger were opened after the sample was brought to the surface.  The plunger valves act as 

vents to allow the water out of sampler.  Two messenger sampler volumes are required before 

water elevation is significant enough to empty the messenger sampler underneath the water 

surface.  Emptying the first two water samples from the messenger sampler was accomplished 

by slowly emptying the messenger sample volumes through the plunger valves.      

 

Physical contact with sample volumes was minimized by the design of the messenger sampler.  

Cable leads from each plunger are attached to the messenger striking point on the sampler to 

keep the plungers from sealing the sampler.  The messenger is sent down the line and contacts 

the striking point, releasing the cable leads.  An elastic cord in tension through the cylindrical 

body pulls the plungers to seal the sampler.  The cable leads are long enough such that field 

technicians can hold the plunger ends open while emptying the sampler volume without 

contacting the water sample.    

 

The messenger sampler and 10-gallon bucket were decontaminated before departing the 

USACE Engineers Depot.  Liquinox, a commercial decontamination detergent, was used with a 

nylon brush and warm water the morning of each sampling date.  Contamination of water 

samples between sampling locations was minimized by rinsing the 10-gallon bucket with 

surface water upon arrival at the next sampling location.   
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Samples were stored in coolers pack with ice after the sample containers were filled from the 

composite samples.  Ice was placed in zip lock bag to prevent label distortion.  Ice was 

replenished before being turning the coolers over to a Law Engineering, Biotox Laboratory 

representative.  The coolers were then hand delivered to the laboratory in Kennesaw by the 

representative the next day.   

 

10.4 LTBOD DATA 
Forty-nine samples were sent to the laboratory for analysis.  Five Marsh Exchange Transects 

were sampled one day with two samples taken at each station.  Six LTBOD sample stations 

were sampled three days with two samples taken at each station.  Three Clyo samples were 

collected for each day of LTBOD station sampling.  Summaries of the total number of samples 

are shown in Table 10-2.  

 

LTBOD.EXE is non-linear analysis program developed by the Georgia Department of Natural 

Resources, Environmental Protection Department, Water Quality Management Program.  The 

analysis program will be used to analyze LTBOD data for model calibration.  Ultimate BOD 

analysis from the program output will be used to generate regions of specific f-ratios to in order 

to relate 5-day BOD data to ultimate BOD.  Each region of the river will be centered upon the 

LTBOD sampling station.  The regions will be used in the calibration on the water quality model.   

 

The most recent version of the GAEPD non-linear analysis program (Version 2.20) was 

released December 29, 1993.  The program will be used to develop BOD curves from laboratory 

Long Term Biochemical Demand analyses.  LTBOD.EXE files containing DO and nitrate plus 

nitrite will be provides with laboratory analysis.  The program provides curve fits such as first 

order and logistics fit in addition to calculation of UBOD, rate of oxidation (k), and ratio of UBOD 

to the 5-day BOD (f-ratio).  

 

LTBOD tests were performed by Law Engineering and Environmental Services, Bio Tox 

Laboratory at Kennesaw, GA.  Law Engineering was selected to perform the LTBOD test 

because of the working relationship with Georgia Department of Natural Resources, 

Environmental Protection Division (GAEPD).  A total of four reports were received from Law 

Engineering, the last report was delivered May 17th, 2000.  The four reports are listed below: 
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1) Law Engineering. Long Term Biochemical Oxygen Demand Test Lower Savannah  

River, Savannah Georgia, August 12, 1999 through January 10, 2000. March 2000. 

2) Law Engineering. Long Term Biochemical Oxygen Demand Test Lower Savannah 

River, Savannah Georgia, August 26, 1999 through January 13, 2000. April 2000.  

3) Law Engineering. Long Term Biochemical Oxygen Demand Test Lower Savannah 

River, Savannah Georgia, September 9, 1999 through January 24, 2000. May 2000. 

4) Law Engineering. Long Term Biochemical Oxygen Demand Test Mash Exchange 

Samples, Savannah Georgia, September 1999 through January 2000. May 2000. 

 

Each report is representative of one sampling date, three sampling dates for LTBOD sampling 

and one date for Marsh Exchange Transects.  The starting day of the LTBOD Test indicated in 

each Law Engineering Report title corresponds the day after the sampling event.  LTBOD Test 

methods, test procedures, raw data, and laboratory notes are presented in each report. 

 

Figures 10-2 through 10-16 are plots of LTBOD data received from Law Engineering.  UBOD 

and UNBOD are plotted vs. the date of LTBOD Test.  Figures 10-2 through 10-8 are plots of 

ultimate BOD and ultimate NBOD data at individual LTBOD stations: LTBOD01, LTBOD02, 

LTBOD03, LTBOD04, LTBOD05, LTBOD06, and CLYO.  Data collected during weeks 2 

(August 11, 1999), 4 (August 24, 1999) and 6 (September 8, 1999) are plotted are plotted 

together to compare samples from the same station at different dates.  LTBOD data from High 

Slack and Low Slack samples at the same station are shown on separate plots in the same 

figure.  Figures 10-9, 10-10, and 10-11 are plots to compare LTBOD data at all LTBOD 

sampling stations for each sampling date, weeks 2, 4 and 6 respectively.  LTBOD data from 

High Slack and Low Slack samples are shown on the same plot to compare LTBOD data from 

different tidal events.  Figures 10-12 through 10-16 are plots of LTBOD at individual Marsh 

Exchange Transects:  T1, T2, T3, T4, T5, and T6.  Similar to Figures 10-2 through 10-8, LTBOD 

data from High Slack and Low Slack are shown on separate axis, however Marsh Exchange 

Transects were sampled once.  Therefore, one set of UBOD and UNBOD data are shown.  No 

curve fitting or analysis was preformed for the purposes of this report. 

 



 

 
 
 

  
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

  
TABLES 

 
 
 
 



 

 

 
Table 10-1:  LTBOD Sample Dates 

 
Sampling Event Sample Id Sample Date 

Week 2 

LTBOD Stations 01 to 06 

and CLYO 

(one High Slack and  

one Low Slack sample) 

August 11, 1999 

Week 4 

LTBOD Stations 01 to 06 

and CYLO 

(one High Slack and  

one Low Slack sample) 

August 25, 1999 

Week 6 

LTBOD Stations 01 to 06 

and CLYO 

(one High Slack and  

one Low Slack sample) 

September 8, 1999 

Marsh Exchange             

Transects 

Marsh Transect Stations T1 

to T5 

(one Mid-Flood Tide and  

one Mid-Ebbing Tide 

sample) 

September 22, 1999 

   
 
 
 

Table 10-2:  Total number of LTBOD Samples 
 

Sample ID Number of Samples 

LTBOD Stations 36 

Clyo Gauging Station 3 

Marsh Exchange             

Transects 
10 
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Figure 10-1:
Long-term Biochemical Oxygen Demand Composite Samples
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