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RAFB NATL'RAL ATTENTL "ATION STUDY- RAFB-NA-96 A P R I L S A M P L E S 

F.M. Saunde r s . X. Wan« , S-Y. Chiang, J. Wynn. L. Westholm, T. T h o m a s 

Environmental Engineering Georgia Insittuie of Technology, 

I JULY 1996 

Samples were collected from the wetiana areas at RAFB on 7-8 April 1996 for the 
purpose of examining natural attenuation or' industrial contaminants in groundwater plumes and 
surface waters. A summary of activity follows. 

I. Field Sampling, 
Sampling iocations were determined according to the location of contaminant plumes and 

the surface ana ground water flows. The locations are within the wetland boundaries of RAFB. 
Sediments 

Area I: South of weii RI5-3WP and R I ' - o W P . west of LF2-15/16/17. Two sampling 
points were selected for collecting one wetland-sediment, one clay, one sand and one 
stream channei-seaiment sample (SEDOL CLAY01. SAN'DOl, SED02). 
Area II; East of LF2-18/19/20. north of R! 5-4 WP. One sampling point around these 
monitoring welis was selected for collecting a sample ISEDOJ). 
Area III: East or LF4-! 8/38/39 and LF--I ~ 36 57. south of R156-4WP. Two sampling 
joints were selectee for collecting a channel sediment and two wetland-sediments 
,SE7///cA. oEDC:, iEDOo). 
Area IV: Two sampling points were selected for collecting two wetland-sediment 
samples and one day sample (SED07. SED-08. C L A Y / 8 1 . 
Background sediment: One sample was collected outside northern R A F B boundary for 
analyses of a background sediment (SED/O). 

Groundwater 
LF2-1S 19-'20 weil: Groundwater samples were collected from LF2-18 well. 

Sediment-01 sample location was characterized as a wetland with 15 inches of standing 
water above the semi-solid and solid base, (fas was released upon agitation of the underlying 
sediment. The surface waters are free of any precipitates. The sediment samples contained 
fibrous organic matter, roots, and leaves. 

Sediment-02 contained a lawn of duckweed and cattails which grew on the surface of 
standing water. The area in which sediment-()3 was taken contained limited standing water, 
although previous site visits show that standing water is characteristic of the site. Sediment -04 
was from an area which was previously used as the wastewater treatment plant drainage ditch to 
nearby Horse Creek. When the sediment was agitated with a shovel, gas was released. Small 
drainage channels were characteristic of sedimem-05. also a previous drainage area for the 
wastewater treatment plant. Sediment-06 was adjacent to Hannah Road and east of Landfill 4. 
Sediment-07 was west of Light Service Road and the sue is characteristic of heavily grassed area 
growing atop shadow standing water. A heavy c\ed of top straw is characteristic of the Sediment-
08 area. The stirtace water was high in Fe (III) because of ferric hydroxide, indicated by a red 



rlurt'y jloc. i"'ie cia> s .•..•catec at this site were very cense, appeared to be more sticky and plastic 
m texture. Reference r a i m e n t , sediment-09. was located outside the RAFB boundary- fence: 
limited standing water was iocated approximately I iOft. into the canopy of trees where the 
^ampies were taken. 

Sample Homogenei ty 
TO consolidate. H o m o g e n i z e , ana remove leaves, stones, and sticks from samples, each 

rediment set (SED01 through SED09) collected from field locations was sieved through a 0.25 
inch screen and combined, while in a nitrogen-purged glove bag. Screened sediment was 
bi ended in a sterilized gailon-sized jar in a nitrogen-purged environment and transferred into 
Mason glass jars which were prepurged with nitrogen. One Mason jar from each site was 
designated for piiysicocnemicai testing. 

II. Physicochemical Analysis 
Analyses were performed in order to assess the general characteristics of the sediments 

collected on 7-8 April 1996. Analyses included wetland sediments, stream-channel sediments, 
background sediment, pore water, surface water and groundwaters. 

1. Sample Preparation 
Pore water is defined as the water within me pores OF sediments and sediment particles 

and not held by surface forces TO sediment panicles. L ' suaiU. pressure-squeezing and 
centn.fugad.on techniques are used to collect pore water and centnfugation was used in this studv. 
Centrifugation was performed at 10.0(10 mm for 29 minutes <M.~00 x gt at f-'C to collect ion 
ml. OF pore water. Surface waier was obtained from the overlying waters of collected sediments. 
For sediment-sample SED-01. this standing water and. also the groundwater sample, were 
transferred directly from the sampling jar to a 250 mL polypropylene bottle under nitrogen-
purged conditions. Appropriate amounts were alloned for alkalinity and pH and the remaining 
water filtered and acidified using the same method outlined for pore waters, 

2. Sample .Analysis 
Sediment samples were examined for moisture and \ oiatile-soiids content: pH ( 1:1 

dilution with distilled water): alkalinity (acid titration); C O D (acidic dichromate reflux); and 
Total Carbon - 1'C (thermal oxidation) in accord with standard methods of analysis. Pore-water, 
surface-water and groundwater samples were analyzed for : pH; alkalinity: C O D : I O C ; and total 
dissolved solids (TDS1 using standard methods. In addition, specific-ion measurements for 
ammonia (NI I . - \ : i . nitrate (NO--N). phosphate t P O - P k sulfate ( S O . - S I and chloride (CI) were 
made using ion chromatography. 

Microbial activity measurements were made with a respirometry system for aerobic 
processes and batch incubation ( 3 5 ° Q o f anaerobic serum bottles. /VCresOl. phthalate. acetic 
acid, and ethanol are potential primary substrates to most microorganisms in wetland and 
contaminated groundwater-environmems and were used for biodegradation analyses. 
Quantification of the general aerobic biodegradation potential of the site was performed using a 
combination of /;-crcsol. phthalate. ethanol. and acetic acid as substrates and inoculating with 

http://centn.fugad.on


V E T - S E U I M E M SUSRENS-.'.R.S AT v . :R.EENTRAT;ONS O F : " ' , _ 1. GENERAL AEROBIC microbial activity was 

;-\ AMATETI USING A RESX::O METER AGITATED AT 2 F ' ; C :O MONITOR O X Y G E N UPTAKE by microcosms, in THIS 

STUDY, SUBSTRATES WERE ADDED INTO MINERAL M E D I U M • P H 7.0) TO A FINAL V O L U M E of 250 mL with an 

INITIAL SUBSTRATEIS) CONCENTRATION OF 100 :NG, L C O D L LEVEL, ANAEROBIC serum bottles innocuiated 

WITH 5°O SEDIMENT ANA 2 : , ; N G L OF THE SIMILAR ORGANIC SUBSTRATE IS being used to assess anaerobic 
MICROBIAL ACTIVITY. ~ . : A : GAS \ O I U M E AND GAS COMPOSITION ( C O - . C E L . ETC.) ARE bing used as 

MICROBIAL INDICATORS. 

ILL. D I S C U S S I O N 

A. Sediment Physicochemical Data 

PURE D A Y S ARE COMPRISED OF CHARGED, PIATE-. IKE STRUCTURES which when compacted result 

IN V O I D SPACE W I T H I N M E D A Y SOIL. T H I S V O I D SPACE, OR POROSITY, OF THE smaller clay panicles (less 

THAN OR EQUAL TO 0.02 A M DIAMETER) IS GREATER THAN TR.E POROSITY OF THE larger sand particles (greater 

M A N OR EQUAL TO 1 M M DIAMETER). T H E ABILITY OF SANDS TO COMPACT IN A more structured, closely 

- . . E K E D MANNER THAN CLAYS AISO CONTRIBUTES TO THE LOWER POROSITY OF sands. Results from the 

MOISTURE CONTENT STUDY SNOW LOWER MOISTURE CONTENT FOR S A X D - 0 1 . AS expected by the lower 

POROSITY. O N E D A Y SAMPLE I C L A Y - 0 1 ) SHOWS A COMOARIBLE MOISTURE content when compared 

WITH S E D - 0 9 AND S E D - . 4 . C L A Y - 0 1 IS A CLAY LOAM, S IDY CLAY, OR sandy clay. In this case. 

C L A Y - 0 1 WOULD BE COMPRISED OF LOAMS, SILTS, OR SANDS WHICH WILL contribute to lower porosity 

AND HIGHER MOISTURE CONTENT THAN IF A PURE CLAY. C L A Y - 0 8 CONTAINS A LESSER moisture content 

THAN C L A Y - 0 1 AND SEDIMENTS, T H I S CLAY SAMPLE IS CHARACTERIZED AS A dense, sticky clay. I N 

GENERAL, SEDIMENT SONS SNOW A GREATER MOISTURE PERCENTAGE THAN the clays and sand. Greatest 

MOISTURE CONTENTS ( 8 3 S A TO 0 7 % ) WERE SUBSAMPIES OF S E D - 0 6 . S E D - 0 7 . SED-03. and SED-05. 

M I D - R A N G E MOISTURE CONTENTS I 5 8 % TO 4 4 % ) ARE S £ D - 0 L S E D - 0 1 . SED-04. SED-09. C L A Y - 0 1 . 

L O W E S T MOISTURE CONTENTS ARE FROM C L A Y - 0 8 ANA S A N D - 0 1 ( 3 - % . 2 1 % . respectively). 

PERCENT VOLATILE SOLIDS IS A MEASURE OF THE ORGANIC MATERIAL contained in the soil. This 

ORGANIC MATERIAL INCLUDES PEAT AND H U M I E SUBSTANCES, AS WELL AS ORGANIC carbon, organo-nitrogen. 

ORGANO-PHOSPHORUS W INCH COMPRISE OTHER ORGANIC MATTER. T H E measurements of volatile solids 

SHOW SED-07 CONTAINS THE GREATEST A M O U N T OF ORGANIC MATERIAL (42%) . SED-07 also contained 

THE greatest A M O U N T OF TOTAL CARBON (244 M G C . G DRV SEDIMENT) AND greatest amount of C O D (697 
M G D / G DRY SEDIMENT) . S E D - 0 6 . S E D - 0 1 . AND S E D - 0 S ALSO SHOW HIGHER volatile solids, total 

CARBON, AND COD. T H E S E SEDIMENTS WERE SAMPLED NEAR OR east OF Hannah Road. Percent volatile 
SOLIDS FOR SED -03 AND S E D - 0 2 ARE ALSO HIGHER MAN SUES MORE DISTANT from Hannah Road and 

S A C PARKING AREA ( I .E. . S E D - 0 4 . S E D - 0 5 . AND S E D - 0 9 ) . L O W volatile solids are measured in 

S A N D - 0 1 W H I C H is C O M M O N FOR LOW ORGANIC SANDS. C L A Y - 0 1 AND CLAY-08 show a volatile 

SOLID PERCENTAGE COMPARABLE TO THAT OF S E D - 0 9 ; CAT FROM THE CARBON content and C OD of these 

CLAY'S, O N E CAN DEDUCE THAT A SMALL PERCENTAGE OF THIS ORGANIC MATTER contains carbon. Total 

CARBON TENDS TO DECREASE WITH DEPTH; THIS TREND ALSO EXPLAINS THE DECREASE in total carbon in the 

SAND AND CLAY SAMPLES WHICH WERE TAKEN AT DEPTHS OF 4 TO 6.5 FEET BELOW the water surface 

WHEREAS S E D I M E N T SAMPLES WERE TAKEN AT DEPTHS LESS THAN 2 FEET. 

T H E RATIO OT C O D CONTENT TO TOTAL CARBON CONTENT CHARACTERIZES the REDUCTION /oxidat ion 
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-onemions present in the seaimem. sand, or clay "'.-as ratio is expressed as mg O/mg C. Lower 
.dues infer a weil oxidized sampie: higher vaiu.es infer an increased level of reduced organic 

.natter with a maximum ratio or 5.3 being that tor methane i C H j . the highest form of reduced 
varbon. SED-W exhibited the greatest COD/TC ratio (3.07) ana CLAY-08 exhibited the lowest 
. " O D . I"C ratio I i. I I r o n concentrations in CLAY-08 and M E bruish color of CLAY-08 are 
Indicative of wetland clays in a reducing environment. Once M E sample is exposed to air. the 
color changes to a brown color under the oxidizing conditions. With a decreased ratio of 
C O D TC. CLAY-08 contained less organic matter and was taxen from the greatest depth and 
contains a iow amount or moisture. 

Variances sac a as porosity ana moisture content, conductivity, cation exchange capacity, 
and organic content can affect soil pH. Typicmly. minerals in Sana and silt fractions of the soil 
are electrically neutral and are good insulators. Completely dry clays also insulate but the 
introduction of moisture changes the insulating ability. Moisture content and porosity affect the 
eiecticai conductivity or sons thus change the balance of cations and anions in the system. 
When water is added to the system, clay panicles typically establish a negative charge on the 
surface. Cations from the water attach to the negatively charged surface and can be exchanged 
for other cations. Removed cations and displaced anions move into solution thus varying the 
balance of hydroxide-hydronium ions and the pH. Organic matter m the soils can also affect pH 
readings. Organic matter remains from plant ana animal life decay as finely-divided colloidal 
substance known as humus. Humus can take up large amounts of water and can develop a 
negative electrical charge as humie acid. 

Soil pH rangec from 4.5 to 6.18. with SED-04 being the lowest and CLAY-08 the 
idghest. The area from which SED-04 was samriea is historically a wastewater treatment plant 
discharge channel. Hie SED-04 pH level is not considerably different than those seen in the 
deeper sampies (6.5 ft) at site 01. i.e., SAND-01 ana CLAY-01. Also, SED-04 is not relatively 
different from SED-09 and SED-01. However, measurements from SED-02. SED-06. SED-07. 
SED-08. C L A Y -08 are at least an oraer of magnitude greater man that of SED-04. Volatile 
solid, i.e.. organic content, of these sediments are considerably greater than that of SED-04. The 
large difference in pH between CLAY-08 and SED-04 can be accounted for by the difference in 
humie substance which is likely greater in the sediment than m the clay. SED-02. SED-03 . 
SED-05 are relatively greater than the pH of SED-04. These sediments do not exhibit a large 
difference in the volatile solids content, but the moisture contents are greater than the moisture 
content of SED-04. Similarities in the SED-04 ell and site 01 pH indicate that similar pH 
conditions exist for the two sites: similarities with me SED-tO pH aiso indicate that these pH 
conditions are occuring off-site as weil. 

B. Microbia l Activity of Sediments 

Aerobic and anaerobic activity' measurements of sediment sampies has been initiated. 
Initial data indicate a low but consistent level of micobial acitivty for reduced substrates. 

http://vaiu.es


V P P F . N D I X 



T I M E L I N E 

S A M P L E C O L L E C T I O N 

P I I Y S I C O C I I E M I C A L 

T E S T S 

B I O A C T I V I T Y O F 

S E D I M E N T 

C O N T A M I N A N T 

B I O T R A N S F O R M A T I O N 

S E D I M E N T S O R P T I O N 

N U T R I I L N T A D D I T I O N 

S O I L C O L U M N 

I i ; 2 3 ^ 4 ^ 



WETLAND SEDIMENTS 

. RAFB Wetland Areas: Hast of Base-Industrial, Landfills 2 & 4 and South-Flight!ine areas. 

. Wetlands adjacent to Hannah Road (east of Hannah Rd. and west of Horse Creek) are characterized as: (i) Limited open water areas including Alligator l\>nd(s), surface-water retention reservoirs, & collection/discharge channels (ii) Wetland/Marsh (a) Extensive tree cover and plant growth (b) Soil/root canopy at water surface (0 - 0.2m) (e) Unconsolidated wetland sediment (0.2m to l-2m) (d) Clay (variable depth) (e) Sand (extensive; into primary aquifer) 



PHYSICOCHEMICAL 
CHARACTERISTICS of 

RAFB WETLAND SEDIMENTS 

Sediments 
Wetland sediment 
Clay sediment 
Sand sediment 
Surface-channel sediment 
Background sediment 

Water 
Groundwater 
Surface water 

Characteristics 
pH 
Alkalinity 
Moistiire and Solids Content 
Volatility (5SO°C) 
Total Carbon (TC. TOC) 
Chemical Oxygen Demand 
Total Dissolved Solids 
Soluble Ions: 

NIL, NO;. S0 4, P04, CI, HCO; 



SEDIMENT 
CHARACTERISTICS 

PvAFB WETLAND SEDIMENTS 
RAFB STREAM CHANNEL SEDIMENTS 
BACKGROUND SEDIMENT 



SI:DIMI NIC IIARAC ri:uisncs 
RAFB WETLAND SLDIIMLN I\S ( K A I I S - N A ) 

Sample pH Moisture Volatility TC COD COD/TC 
Name (1-1) (%) (%) (mg/g) (mg/g) (mg/mg) 

SED01 5.03 58.00 29.14 ' 134 ~ 327" 2.432 CLAY01 4.49 44.20 7 64 9 20 2.223 SAND01 4.64 21.51 2.87 10 25 2.494 SED03 5.17 72.85 23.41 93 244 2.617 SED05 5.24 67.30 18.46 71 193 2.709 SED06 5.46 83.33 35.64 186 530 2.855 SED07 5.96 82.25 41.91 244 697 2.857 SED08 5.57 75.48 28.01 144 369 2.562 CLAY08 6.18 34.13 8 74 4 5 1.171 



SI:DIMI:N I c IIVUACI I:UISI K S 

UAFB SI UK AM ANNKL SKDIMKN I (U ,vi- it-NAI 

Sample pH Moisture Volatility TC COD COD/TC 
Name (1:1) (%) (%) (mg/g) (nrg/g) (mg/mg) 
SED02 5.31 58.57 20.03 94 215 2 289 
SED04 4.3 49.12 10.14 40 108 2 671 



SI:I>IM I:N I ( MAUA( IIUISI K S 

BACKGROUND SI:1)IMI:N L(U\I i i N A ) 

Sample pH Moisture Volatility TC COD COD/TC 
Name (1:1) (%) (%) (mg/g) (mg/g) (mg/mg) 
SED09 5.04 AIAA 9.49 45 138 3.074 



WATER 
CHARACTERISTICS 

SURFACE WATER 
GROUND WATER 
SEDIMENT PORE WATER 



S U K F A C I L & ( . K O U N D W A T I R A N A L Y S I S 

Sample pH Alk COD TOC coo/roc 
Name mg/L as mg- mg-C/L 

CaC03 O/L 
GW 6.4 0.0 5 0 n/a 

SurfW (SED01) 6.65 2.630 48 17 2.86 



P O K E W A MM A N A L Y S I S 

R A F B W E T L A N D S E D I M E N T S i k M H N A ) 

Sample pH Alk COD TOC COD/TOC 
Name mg/L as mg-O/L mg-C/L ratio 

CaC03 

S E D 0 1 6 . 0 3 .6 1 2 0 3 1 3 . 8 7 
S E D 0 3 6 . 2 1.6 1 0 4 2 1 4 . 9 5 
S E D 0 5 6 . 6 1 4 . 8 3 3 1 1 3 . 0 
S E D 0 6 6 . 4 5 . 9 4 8 1 3 3 . 6 9 
S E D 0 7 6 . 6 5 .3 7 8 1 6 4 . 8 8 
S E D 0 8 6 . 5 8 . 1 7 3 1 7 4 . 2 9 



PORE WA I IK ANALYSIS 

RAFB STREAM CHANNEL SEDIMENTS (RAIHNA) 

Sample pH Alk COD roc COD/TOC 
Name mg/L as mg-O/L mg-C/L ratio 

CaC03 

SED02 6.3 1.9 176 42 4.19 
SED04 n/a n/a 14 5 2.80 



P O R E W A T E R A N A L Y S I S 

B A C K G R O U N D S E D I M E N T <RAI U N A ) 

Sample pH Atk COD TOC COD/TOC 
Name mg/L as mg-O/L mg-C/L ratio 

CaC03 

S E D 0 9 6 . 3 3 . 1 7 0 1 8 3 . 8 9 



SURFACE & GROUNDWATER ANALYSIS 

SOLUBLE INORGANIC CONSTITUENTS 

Sample TDS NH4-N N03-N P04 HC03 S04 C/ /Vef a s A/a 
Name [ mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

GW 0 0.3 <1 0 3.2 2.5 2.66 
SurfW 228 4.7 <1 <1 4.39 <1 14.3 3.2 
(SED01) 



PORE WATER ANALYSIS 

SOLUBLE INORGANIC: CONSTITUENTS 

RAFB WETLAND SEDIMENTS ( U A F » - N A ) 

Sample TDS NH4~N NOrN po4 HC03 S04 CI A/ef as Na 
Name mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
SED01 228 4.7 <1 <1 4.39 <1 14.3 3.2 
SED03 165 1.0 <1 <1 1.95 <1 9.3 5.12 
SED05 237 2.9 <1 <1 16.05 <1 <1 7.39 
SED06 123 1.7 <1 <1 7.2 <1 <1 3.29 
SED07 160 1.2 <1 <1 6.47 <1 <1 6.82 
SED08 140 1.7 <1 <1 8.86 <1 7.3 11.43 



P O R E W A T E R A N A L Y S I S 

S O L U B L E I N O R G A N I C C O N S T I T U E N T S 

R A I B S T R E A M C H A N N E L S E D I M E N T S <UAI <ii) 

Sample TDS NH4-N N03-N PQ4-P H C 0 3 so 4 c/ A/EF A S A/A 
Name mg/L mg/L mg/L mg/L mg/L mg/L 

S E D 0 2 N/A 5 .2 < 1 < 1 2 . 3 2 5 . 9 8 . 0 0 . 3 4 
S E D 0 4 N/A 2 . 0 N/A N/A N/A N/A N/A N/A 



P O R E W A T E R A N A L Y S I S 

S O L U B L E I N O R G A N I C C O N S T I T U E N T S 

B A C K G R O U N D S E D I M E N T 

Sample TDS NH4-N NO3-N POrP HC03 
so4 CI A/EF A S Na 

Name mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 
S E D 0 9 R 2 0 5 2 . 2 < 1 < 1 3 . 7 8 6 . 9 1 0 4 7 8 6 



SEDIMENT-AEROBIC 
ACTIVITY 

April 1996 Samples 

Baseline activity with ethanol, acetate, 
cresol and phthalate 

November 1995 Samples 

Activity with benzene, toluene, 
chlorobenzene and dichlorobenzene 



Sediment Aerobic Activity 
R A f B - N A - S E D O l 

(5% Sediment suspension; 
100 mg C O D L of Ethanoi. Acetate. p-Cresol, and Phthalate Addition 8c Control) 



Sediment Aerobic Activity 
RAFB-NA-SED02 

f 5% Setoiment suspension; 
00 mg COD L of Ethanol. Acetate. p-Cresol, and Phthalate Addition & Control) 

T — — i — i — r ~ ] — i i [ ] i i i | I i i I | i I i i 

[~~] Sediment Control 

lime (hr) 



Sediment Aerobic Activity 
RAFB-NA-SED03 

(5% Seoiment suspension; 
g COD L of Ethanol. Acetate. p-Cresol. and Phthalate Addition & Control) 

0 20 40 60 80 100 
Time (hn 



Sediment Aerobic Activity 
RAFB-NA-SED05 

(5% Sediment suspension; 
100 mg COD i. of Ethanol, Acetate. p-Cresoi. and Phthalate Addition & Control) 

Time (hr) 



Sediment Aerobic Activity 
RAFB-NA-SED06 

(5% Sediment suspension; 
mg COD L of Ethanol. Acetate. p-Cresol. and Phthalate Addition & Control) 



Sediment Aerobic Activity 
RAFB-NA-November 95 Sediments 

(5% Sediment Suspension; 100 mg C O D / L Benzene Addition & Control) 

Time ihr) 



SEDIMENT AEROBIC ACTIVITY 
RAFB-NA-NOVEMBER 95 SEDIMENTS 

o SEDIMENT SUSPENSION; 100 MG COD L TOLUENE ADDITION & CONTROL) 

TIME (HR) 



SEDIMENT AEROBIC ACTIVITY 
RAFB-NA-XOVEMBER 95 SEDIMENTS 

[5% SEDIMENT SUSPENSION; 100 MG COD/L ETHYLBENZENE ADDITION & CONTROL) 

TIME (HR) 



Sediment Aerobic Activity 
RAFB-NA-November 95 Sediments 

D o Sediment Suspension; 100 mg C O D L Xylenes Addition & Control) 

Time (hn 



SEDIMENT AEROBIC ACTIVITY 
RAFB-NA-NOVEMBER 95 SEDIMENTS 

0 20 40 60 80 100 120 140 160 180 200 220 
TIME (HR) 

(5% SEDIMENT SUSPENSION: 100 MG COD L QILOROBENZENE ADDITION & CONTROL) 



SEDIMENT AEROBIC ACTIVITY 
RAFB-NA-NOVEMBER 95 SEDIMENTS 

40 

20 

10 

0 

I I I I | I I M j ! M M I I I 1 | I I M | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I 

i I Sediment Control 
0 Replicate 1 
^ Replicate 2 

1 ' 1 1 ' 1 1 ' 1 ' ' ' ' 1 1 1 1 1 i 1 1 ' ' 

0 20 40 60 80 100 120 140 160 180 200 220 
TIME (HR) 

SEDIMENT SUSPENSION: 100 MG COD/L DICHLOROBENZENE ADDITION & CONTROL) 



ANAEROBIC SEDIMENT 
ACTIVITY 



A N A E R O B I C S E R U M B O T T L E T E S T S FOR April ' 9 6 S A M P I E S 

R U N ~ 1 . SedOl ( W I T H 1.0 g/L S U L F A T E A d d i t i o n ) 
G A S P R O D U C T I O N M E A S U R E M E N T 

I N I T I A L C O D = 2 0 0 m g / L . S E D I M E N T R A T I O = 5% ( W E T W T / M L ) - 2 . 1 % ( D N E A u t m L 

S U B S T R A T E S : E T H A N O I . A C E T A T E . P H T H A L A T E and p - C R E S O I 

2.00 — 

1.60 

1.20 

0.80 

0.40 

0.00 -
0.00 10.00 

S E E K ) I-REPLICATE 

S E D O I-REPLICATE 

S E D O L - C O N T R O L 

20.00 30.00 
Time (day) 



\ N A E R O B I C S E R U M B O T T L E T E S T S FOR A P R I L ' 9 6 S A M P L E S 

R U N n\. C L A Y - 0 1 ( W I T H 1.0 G / L S U L F A T E A D D I T I O N ) 

G A S P R O D U C T I O N 

I N I T I A L C O D = 2 0 0 M G / L : S E D I M E N T R A T I O = 5 % ( W E T V V T / M L ) = 0 . 8 % ( D R I E D 

S U B S T R A T E S : E T H A N O L . A C E T A T E . P H T H A I A T E A N D P - C R E S O L 
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Anaerobic Serum Bottle Tests for April '96 Samples Run #1. SAND01 i with 1.0 g/L Sulfate Addition) Gas Production 200 mg/L. Sediment Ratio= 5% (wet \vt/mL)=0.8%(dried vvt/mL Substrates: Ethanol. Acetate. Phthalate and p-Cresol 

SAND01 -replicate SANDOi-control 

30 



Anaerobic Serum Bonie Tests for April '96 Samples Run ??2. SedOl (without Sulfate Addition) Gas Production Measurement initial COD- 200 mg/L; Sediment Ratio= 5% (wet vvt/mL)= 2.1 % (Dried ut/mL Substrates: Ethanol. Acetate. Phthalate and p-Cresoi 
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Anaerobic Serum Bottle Tests for April '96 Samples Run #1. Sed02 (with 1.0 g/L Sulfate Addition) Gas Production Initial COD- 200 mg/L; Sediment Ratio= 5% (wet wt/mL)=2.1%( Dried wt./mLi 
0 Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for April '96 Samples Run »1. SedCo (with 1.0 g/L Sulfate Addition) Gas Production Initial C O D = 200 mg/L. Sediment Ratio= 5% (wet wt/mL)=1.36% (Dried Substrates: Ethanol. Acetate. Phthalate and p-Cresol 3.00 
A 
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1.00 • 
• SED03-replicate SED03-replicate ~A— SED03-control 

0.00 
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Time (day) 



Anaerobic Serum Bottle Tests for April '96 Samples 
Run s2. Sed03 (without Sulfate Addition) 

Gas Proauction Measurement 
initial C O D = 2 0 0 mg/L: Sediment Ratio= 5% (wet wt/mL)= 1.36 % (Dried wt/mL 

.substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for April '96 Samples Atin = 1. Sed05 i with 1.0 g/L Sulfate Addition) Gas Production Initial COD= 200 mg/L. Sediment Ratio= 5% i wet wt/mL)=1.63% (Dr Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for April '96 Sampies 
Run =1. Sed06 ; with 1.0 g /L Sulfate Addition) 

Gas Production 
Initial COD= 2 0 0 mg'L; Sediment Ratio= 5% (wet wt/mL i=0.8%(dried wt/mL 

Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for April '96 Samples 
Run ? 1. Sed07 (with 1.0 g/L Sulfate Addition) 

Gas Production 
initial COD= 2 0 0 mg/L; Sediment Ratio- 5% (wet wt/mL)=0.8%(dried wt/mL i 

Substrates: Ethanol. Acetate. Phthalate and p-Cresoi 
6.00 — 
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A 

SF.D07-replicate 
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Anaerobic Serum Bottle Tests for April '96 Samples 
Run =1. Sed08 (with 1.0 g/L Sulfate Addition) 

Gas Production 
initial C O D = 200 mg/L; Sediment Ratio= 5% (wet wt/mL)=0.8%(dried wi .-ni., 

Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerooic Serum Bottle Tests for April '96 Samples Run j? 1. Clav08 i with 1.0 g/L Sulfate Addition) Gas Production Initial CQD= ZOO mg L; Sediment Ratio- 5 % (wet wt/mL r-0 8 % ( d r i e d wt/ Substrates: Ethanol. Acetate. Phthalate andp-Cresol 
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1.60 - CLAY08-repIic.ate • - CLAYOS-rephcate 1.20 -±- A!.AY A-centre; 
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ANAEROBIC SERUM BOTTLE TESTS FOR APRIL '96 SAMPLES 
RUN ?F 1. SED09 < WITH 1.0 G/L SULFATE ADDITION) 

GAS PRODUCTION 
INITIAL C C D = 200 MG/L: SEDIMENT RATIO= 5% (WET WX/ML)=0.8%(DRIED 

SUBSTRATES: ETHANOI. ACETATE. PHTHALATE AND P-CRESOL 
2.00 

1.60 

SED09 

A SED09-control 

1.20 
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0.40 

A 
0.00 

0 10 20 
TIME(DAY) 
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Anaerobic Serum Bottle Tests for April 96 Samples Run #•]. SedOl ("with 1.0 g/L Sulfate Condition) C02 Production Initial COD O00 mg/L: Sediment Ratio=5% (wet \vt/rnL)=2.1%(dned wt/mL) Substrates: Ethanol. Acetate. Phthalate and p-Cresol Note: l.Og/L Sulfate Condition 

SEDOl-replicate 
SEDOl-replicate SEDO 1-control 



A n a e r o b i c S e r u m Bott le Tests for A p n l 9 6 S a m p l e s 
Run # 1 . C layOl fwirh 1.0 g-L Su l fa te A d d i t i o n ) 

C 0 2 Product ion 
Initial C O D = 2 0 0 m g / L : S e d i m e n t R a t i o = 5 % ( w e t w t / m L ) = 0 . 8 % ( d r i e d wt m i . ; 

Substrates: Ethanol . A c e t a t e . Phthalate and p - C r e s o l 

1.00 
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C L A Y 0 1 -replicate 

- A r - CLAYOl -control 
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ANAEROBIC SERUM BOTTLE TESTS FOR APRIL 96 SAMPLES 
RUN*I. SANDOL (WITH 1.0 G/L SULFATE ADDITION) 

C02 PRODUCTION 
MIUAL COD=200 MG/L: SEDIMENT RATIO=5% (WET WT/ML)=0.8%(DRIED WT MI. 

SUBSTRATES: ETHANOL. ACETATE. PHTHALATE AND P-CRESOL 
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Anaerobic Serum Bottle Tests for Apnl 96 Samples Run #2. SedOl(without Sulfate Addition) C02 Production initial COD=200 mg/L; Sediment Ratio=5% (wet vvt/mL)=2. l%(dried wt/mL Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
2.00 

1.50 

y . 

1.00 

0.50 

SEDO 1- re plicate SEDO t-replicate SEDO 1-replicate SEDO 1-control SEDO 1-control 



Anaerobic Serum Bottle Tests for April 96 Samples 
Run #2. SedOl (without Sulfate Addition) 

CH4 Production 
Lninal COD=200 mg/L: Sediment Ratio=5% (wet wt/mL)=2. l%(dned wt/mL) 

Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for April 96 Samples Run #1. Sed02 (with 1.0 g/L Sulfate Addition) C02 Production Initial COD=200 mg/L: Sediment Ratio=5% (wet \vt/mL)=2. l%(Dned wt/mi Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bott le Tests for A p n l 96 Samples 
Run s I . Sed03 (with 1.0 g/L Sulfate Addit ion) 

C 0 2 Production 
initial C O D - 2 0 0 raa/'L; Sediment Ra t io=5% (wet w t /mL)=1 .36% (dried w t / m L ) 

Substrates: Ethanol . Acetate . Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for Apnl 96 Samples Run #2. SedOJ (without Sulfate Addition) C02 Production Lrutiai COD=200 mg/L: Sediment Ratio=5% (wet \vt/mL)=1.36%(dned wt/mL Substrates: Ethanol. Acetate. Phthalate andp-Cresol 
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Anaerobic Serum Bottle Tests for Apr i l 96 Samples 
Run #2. Sed03 (without Sulfate Add i t i on ) 

CH4 Production 
Imtiai COD 200 mg/L: Sediment Ratio=5% (wet wt /mL )=1 .36%( dried wt /mL 

Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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SED03-eontrol 

SED03-control 

0.60 

0.40 

0.20 

0.00 
0.00 5.00 10.00 

Time (day) 



Anaerobic Serum Bottle Tests for April 96 Samples 
Run #1. Sed05 (with 1.0 g/L Sulfate Addition) 

C 0 2 Production 
I n i t i a l C O D = 2 0 0 mg/L; Sediment Ratio=5% (wet wt /mL )=1 . 63% (Dried \\VmL 

Substrates: Ethanol. Acetate. Phthalate and p-Cresol 

1.00 

0.80 — w - SED05-replicate 

SED05-replicate 

SED05-control A 
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Anaerobic Serum Bottle Tests tor April 96 Samples Run # 1. Sed06 (with 1.0 g/L Sulfate Addition) C02 Production Initial COD=200 mg/L: Sediment Ratio=5% (wet wt/mL)=0.8%(dried wt/mL Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for April 96 Samples Run # 1. Sed07 (with 1.0 g/L Sulfate Addition) C02 Production Initial COD=200 mg/L; Sediment Ratio=5% (wet wt/mL)=0.8%(dned wt/mL Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests for April 96 Samples Run #1. Sed08 (with 1.0 g/L Sulfate Addition) C02 Production Initial COD=200 mg/L: Sediment Ratio=5% (wet wt/mL)=0.8%(dried wxmL Substrates: Ethanol. Acetate. Phthalate and p-Cresol 
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Anaerobic Serum Bottle Tests tor April 96 Samples 
Run s i , CLAY-08 (with 1.0 g/L Sulfate Addition) 

C02 Production 
Initial COD=200 mg/L: Sediment Ratio=5% (wet wt/mL)=0.8%(dned wt/mL 

Substrates: Ethanol. Acetate. Phthalate and p-Cresoi 
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