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General Description of the Problem " K

Hopewell,’ Virginia 15 ‘a highly industrializad city, the Ceclanese Corporation of Amex

- ica, the Continental: Can Company, the Hercules Powder Company and the Solvay Procesc
Division of Allied Chemical and Dye Corporation having plants there. All of these

" plants have industriel and human wastes, the combined amount of which is great from
the standpoint of both volume and strength. In addition, there are human wastes
from the City of Hopewell and its suburbs in Prince George County and from Camp Lee.
All of these wastes, sewage and industrial, are discharged into the James River,

“Bailey Creek and into other tributeries of the two. Primary treatment is gilven the
vastes at Cemp Lee; the others are discharged untreated. The location of all dis-
charges in the Hopewell vicinity are shown in Figure I. -

With the exception of Bailey Creek, the impact of these wastes on the streams they
enter wvas largely unknown, prior to thig study. For meany yeers Bailey Creek has bee
1 hgnized as an open sewer. Following passagsof the Virginia State Water Contrcl
Taw in 1946, the Hopewell industries all began programs leading to reduction of
wastes they discherged. In order for them to determine the extent to which such re-
ductions must ultimately be carried, it soon became apparent that information wes
needed regarding the effect of thelr vagtes on the James River.

During the 'surmoer of 1951'tha Hopewell industries, through the Hopewell Manufacturers
Association requested the Water Control Board's help in meking a study of the stream
in the Hopewell vicinity in an attempt to answer this question. The Board's staff
agreed to lend such assistance as was possible, and the initial pheses of such a
study were completed during the period August 6 - September 6, 1951.

Purpose P oen ~ N
The purpose of this investigation is to determine the extent and degree of pollution
in the James River and its tributeries in order that & comprehensive program for
pollution abatement may be formulated by the several owners in the Hopewell area whe
Jointly cause this pollution., Specifically, it has the following purposes:

l. To determine the course followed in the James River by industriel wastes and
sewage from the Hopewell area,

-

2. To determine the extent and degree of pollution in the James River around
the Hopewell area by means of physical, chemical, bacteriological and biological

soste,

'3. To determine the volums and strength of industrial wastes discharged into
the James River and its tributaries in the Hopewell area,

L. 'To determine the effect of tidal variations and currents on the net movement .. ..

of the wastes downstream ‘from Hopewell, ‘ {
!
}

’
t

>~
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5. To determine the assimilation capacity of the James River downstream from
Hopewell in order to ascertain the permissible net waste load and still maintain pre-
scribed levels of dissolved oxygen in the river,

. 6. To determine a minimum flow figure which might be expected to recur in the
James River at Hopewell every 10 years,

T.  To determine what further studies are necessary 50 the Board's and indus-
tries' technical staffs may formulate a comprehensive program for pollution abate-
ment, -

Regular River Sampling Stations

Since there is tidal action in the James River and since there are several paths the
vater may take downstream from Hopewell, it was considered advisable to try tracing
the course of the wastes by means of conductivity measurements. To do this, a number
of stations were selected in the James and Appomattox Rivers to cover the entire area
where wastes might travel. The conductivity sampling stations are shown in Figure 2.
At each station conductivity measurements were made from the river bottom to the water
surface. On the basis of the conductivity data, tentative sampling stations were
selected by the Board's staff. In addition, a boat trip was made dovn the James Rivex
on August 9, 1951 to obtain additional data to ald in the selection of stations. On
August 15, 1951, members of each industry involved met on a boat and took a trip

down the James River to see the tentative sampling stations. The group was shown the
results to date and all agreed that analysis of samples taken at the siations selected
by the Water Control Board's staff would give a representative picture of pollution
in that stretch of the river to be studied. The stations were numbered 10 through
2l. Two stations, 12A and 12B, were added to show conditions in Bailey'Creek. The
location of these sampling stations is shown in Table I and in figure 1.

Supplemental River Sampling Stations

.On the August 15, 1951 boat trip, it was agreed that spot checks of dissolved oxygen

and other constituents, as well as additional conductivity measurements, should be
made. Spot samples were obtained, with additional dissolved oxygen (D.0.) .determi-
nations and conductivity measurements (1) in the area between City Point and Jorden's
Point, north and south of the dredged channel, and (2) in the area between Jordan's
Point and Coggin's Point, north and south of the dredged channel, These D.0.:stations
are shown in Table I and in figures 3 and 4. Samples at D.O. Stations 56, 57, 59, 60
and 61 were collected on August 2hth. D.0. determinations throughout the Hopewell are
were made on August 16, 17 and 24th. All river samples were analyzed by the Board's
laboratory in Richmond, Vlrglnia and unless otherwise specified were taken at half
depth.

In addition to the samples taken at half depth between Fort Powhatan light and Wey-
anoke Points (Station 18) and between Kennon Marsh and Sturgeon Point light (Station.
19), supplementary D.0. samples were taken at 10 to 15 feet under the surface.  Only
half -depth D.0. readings are included in this report.

......
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58, 59
61
67
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60,
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70
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Flgure 1
Figures 3 and 4

... approximately 13 miles below Station 10

Mid-channel of Jumes River, opposite nun buoy 122 wbove
City Point, Hopewell

Mid-channel of Appromottox River Just downstre.m from
State Highwoy No. 10 bridge

Mid-channel of Jumes River opposite nun buoy 118, upprox.
imately 3 mile below Station 10
Mid-stream of Balley Creek, sample
der Co. representatives from State
Mid-stream of Bulley Creck, sample tuken by Hercules Pow

der Co. representatives from Stute Highwey No. 154 bridg

Edge of channel of James River opposite Light (F1G) 111
approximately 2 miles below Station 10

Opposite ferry dock at Jordan’s Point about 50 to 75 mil. ;
off ghore, approximutely 3% miles from Station 10, south :
of dredged chunnel

In ferry channel opposite the dock ucross from Jordun's

Point about 200 to 250 yurds off shore, north of dredged
channel.

Mid-chennel of the ubandoned channel, opposite Coggins

Point and Can buoy 95, approximately 6% miles from Stati.

10

Between the shore ¢nd Light (F1l) 91, approximately 8 mil
below Station 10

Mid-chennel opposite Weyanoke Point aond Fort Povwhutan, o s

B i\i-.':f_l.

taken by Hercules Pow:
Highway No. 10 bridge
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Mid-channel opposite Sturgeon Point, approx1m tcly 172
miles below Station 10 .

Mid-channel opposite Brandon (before Chippokes Creek Joi
Jumes River) cpproximately 21 miles below Station 10
Mid-channel opposite Light (Fl) 69 (before Chickshominy
joins Jumes River) approximetely 25 miles below Stotion
Between City Point and Packs Point, north of the drecdged
channel ¢
Between City Point and Jordan's Point, in Balley Bay sou
of the dredged channel

Botween City Point end Jordun's Point, north of the dred
channel

Botween Jordan's Point and Coggins Point, north of the
dredged channel

Opposite Coggins Point in the main channel -

Between Jordan's Point and Coggins Point, south of the
dredged chennel in the obundoned chgnnel

.l
Lemret
—_—

B TR
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:

samples tuken at approximgtelv half depth
stations from 14 to 21 and dissolved oxygen stationa are located in the
James River

Location of conductivity stations is shown in figure 2, while biological samp-
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ollectlon of Samples
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:1§"~" ~1@ Becteriologicel--All river samples were collected in a D.O. gamp-

PN
- e w4 me

es ... .e u..e of tue boat. usen the boat stopped at each station, the sampler

ritir. D.O. bottle vwas lowered in the water to approximately half depth, as deter- =

tined by the navigation chart, and allowed to fill. The sampler was then brought

0 the surface and on to the boat deck. The D.,0. bottle was removed and the dis-
jolved oxygen content determined. Then a 1/2 gallon jar was filled with the remain-
g water in the sampler. The temperature of the water in the jar was recorded alor
rith tie time. The sewage D.0. sampler was lowered to approximately half depth
1zain and allowed to fill, then brought to the boat deck as before. The second
siver: sample at each station was poured into a small sterile bacteriological bottle.
the 1/2 gallon. jar of water and the bacteriological bottle were kept on ice until
yrought to Richmond by State Water Control Board personnel for immediate analysis.

- Samples were collected at Stations 10 through 21 on August 15, 20, 21, 22, 27,
8, 29, end September 4, 5, and 6th by State Water Control Board personnel using a
1+ % furnished by the Hopewell Manufacturers' Association in conjunction witha the
{ater Control Board's small boat and motor. Samples at Station 12A and 12B, Bailey
'reek, were collected on the same days as those of Stations 10-21, by the Hopewell
indugtries and delivered to the Hopewell Yacht Club. These samples were picked up
)y the State Water Control Board personnel, brought to Richmond, and immediately
inalyzed by the State Water Control Board personnel. All analyses by the State
{ater Control Board laboratory were in accordance with STANDARD METHODS with thé"’
»xceptlon of color, as explained in the appendix, on page 22 . :

TIPS

’-\1olog1~al-—Dr. Weiss collected biological samples on August 27 and 30, 1951.
Iis reports will ve found on pages 14 to 19&y and is summarized in the conclusions -
) this report. The large boat, made available by the Hopewell Menufacturers' Asso-
siation, was used in conjunction with the State Water Control Board's small boat ang
notor by Dr. Weiss in obtaining his samples.

i

¥

i Messrs. Massmann and Ladd of the Virginia Fisheries Laboratory at Gloucester
Point submitted a report, October 9, 1951, of fish collections made in the James
River near Hopewell on August 30 and 31. The fish life studies carried out by the
yirginia Fisheries Laboratory was a part of the biological study of the James River.
The Virginia Fisheries Laboratory furnished their own equipment and personnel for.
this study. A summary of the fish-life studies is presented in the conclu51ons, ané
}he complete report will be found on pages 20 to 22, c. e " g

?he location of all sampling stations used by Dr. Weiss and Virginia Fisheries
paboratory are indicated on figure 1.

! Industrial Waste--On August 19, 20, 21, 26, 27, 28 and September 3, 4, and 5,
the vVirginia Cellulose and Cellulose Products Divisions of Hercules Powder Company
and Continental Can Company collected 24 hour composite samples of their several
effluents. On August 20, 21, 22, 27, 28, 29 and September 4, 5, and 6 the Solvay
Process Division and on August 20, 21, 22, 27, 28, 29 and September 5, 6, and T the
Celanese Corporation of America collected 24 hour composite samples of their final
effluents. Solvay's analyses included the James River water intake, the Poythress
Runfnﬂfluent, and the Gravelly Run effluent. All industrial samples were analyzed
in o respective plants in accordance with STANDARD METHODS. The Cellulose Product
Division of the Hercules Powder Company submitted supplementary information on Sta-
tions 12A snd 12 B to the State Water Control Board report on September 19, 1951.




. Laboratory Work
The individual industries made all laboratory determinations on samples of their
wagtes collected durlng the study. The Water Control Board did all laboratory work
on the river samples. Hercules also made some uanalyses on samples from Bailey
Creek. Solvay also made the same analyses on raw river water as on effluent sam-
ples. The various analyses made by each participant are shown in Table %
TABLE 2
Analytical Determinations Performed by the Industries and the State Water Control Board
1)
§ ' ] R ~
5 28 835 Eae  §
d o oM =i 2 )
5 0§ 4. da0 w4 £
£ ° F& ogF gF 8 ¢
8 9 %% 3% 8§
0 P O 5 £ 5 g n
8% o8 3f, A5 g
o8 5§32.8 E.8 5%,
§8 §8 3¢ ® - S P g
3o 58.3a8 Hab ddf 28
" OO0 UL oAd bAd ©n<o um
Samples (IW® Industrial Waste) . v IW IW Iv v Streem
D.0., ppm v X b 4 X x
”~Alk, (Ca €03, ppm) X X x x X x
: ™H x- x x" x x x
B.0.D., ppm x X b4 b'd x
(Total X x x X. x x
Total Solids, ppm  )Volatile X X X x
' (Fixed x X b'q X
oL (Total x x x X X x
< Sugpended Solids, ppm )Volatile x X b's ‘ x
' (Fixed x x x X
Sulfates (50),, ppm) x
Chlorides (Cl, ppm) X X X X
Turbidity (5105, ppm) x
7" Color (K-S Readings #54 Filter) x
;1 NH3.Nitrogen;: ppm ¢!m.»“ . | ' X x
'fbg NO2:Nitrogen, ppm Sl - . , s X
" NO3 Nitrogen, ppm ¢ Puape, 0T . X - X
C.0.D., ppm - R IR S TS SO SN 4 NI x
Temperature, °C. R e : £oa Srx x
Settleable Solids, M1/1 X X X . X

=

MPN, Coliforms per 100 ml

Data and Results

All data and resulis are recorded in the appendix. These were considered by the study
X_R?rticipants on Januvary 15, 1952. 1In the graphs, figures 5 through 12, the average
* 7 alues of the various constituents are plotted against the distance between stations
in nautical miles. The point between stations 14 and 15 is an average of the two.
Figures 5 througl: 12 2re on pages 23 tl'rough 30, inclusive. Thie results of ll analve
ses arranged by stotions will “e found on tables 10 through 30, pages 31 throurh
51, inclvaive. .
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| I "es.e Ln F--ile data t bulated in table 3 show the amounts of B,0.D., total soli

the Hopewell V1c1n1ty. L o

i

i

TABLE 3
Waste Loads t0 Virginia State Waters, at Hopewell
{
i B.0.D. Total.Solids  $tepénded Alkalinity
§ Lbs/Day 1bdsfDay. ~  Solids Lbs/day
o ' Lbs /Day
‘Allied Chemical & Dye Corp., v . '
Solvay Process Div. '~ Not Kmown . 150,000(1) 4h,000(1) 10,000(2)
Hercules Powder Co., Va. . '
. Cellulose Div. 54,200 272,000 26,000 66,000
‘Hercules Powder Co., Cellu-
* lose Products Div, " 10,150 46,000 2,000 200
‘Continental Can Co. 29,500 150,000 .34,000 28,000
Celanese Corp. of America . 960 4,000 - 200 400
‘City of Hopewell 2,500 - - -

‘Camp Lee residual losd in

Bailey Creek and Hopewell ' ‘
- -suburban\area ' 2,500 - - - . - .
-Total . 99,810(3) 622,000 106, 200 8L, 600
5(1}“$olvay uses untreated river water in its processes. This contains some of each
jof ...ese constituents. These figures represent net amounts contributed.
(2) Alkalinity is removed from the untreated river water by Solvay's manufacturing
brocesses :
(3) 598 900 population equivalent

hhese loads account for the rises in concentration of these constituents at stations
ﬁmmediately below Hopewell, as shown by the figures.

2. B.0.D, :and D,0--The curve of average B.0.D. values (figure 5) shows a steep ris .

‘from 3.2 ppm at station 10 and then a gradual drop to 1.3 ppm at station 21. Solvay
‘did not make B.O.D. determinatione on its wastes, and it is not known if ammonia in
;the wastes contributes significantly to the B.0.D. load on the James River. The
éaverage D.0. fell correspondingly from 5.8 ppm at station 10 to a low of 3.9 ppm at
istation 17 and then rose again to 6.7 at station 21. Individual D.0O. values show
:guite low values at some stations. The low value at station 10 is attributable to
residual upstream loads, from Richmond and its industries, D.0. was completely de-
‘pleted at all times at station 12A in Bailey Creek. The iow value at station 12B
sls due to the sewage load from Fort Lee. D.0O. was completely or almost completely
fdepleted at some times at some Bailey and Tar Bay stations. These areas serve as
-natural lagoons for biological decomposition of the organic wastes from Hopewell.
-D.0O, determinations made at 10 to 15 foot depths at stations 18 and 19—showed values
iabout 1 ppm higher than those taken at half-depth.

Avs‘gge temperature did not vary greatly in the James River between stations 10 and

Insufficient samples were taken at stations 20 and 21 to obtain averages com-
‘parsble with those at other stations. The temperature at station 12A was considersab.
, @bove that of the other stations, due to the presence of hot industrial wastes from
';hg HoEewell industries. Average temperature and D.0O. saturation data are shown in-
able L,

WA IINT A e 12
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Lo TABLE 4
Temperature and Dissolved Oxygen Saturation Data
20 Observed Saturation
Station {y  Temperature C. D.0O., pPpm D.0., ppm "~ % Saturation

10 T 27.2 5.8 8.0k T3
11 ‘ 28.4 ~ Tel 7.98 89
12 27.8 5.7 8.19 69 -
1287 e L. 30,2 0 7.62 0 -.
-12B o 22.1 2.8 8.84 - 32 .
13 27.h 5.2 8.13 64
1k - 27.6 © 2.2 8.16 28
15 ' 27.1 6.5 8.08 80
16 28.2 h,2 T+:95 53
17 28.1 3.9 7.93 : L9 <
18 28.0 ha 7.92 22
19 , 28.3 4,7 7.96 59
20 o (1) 5.1 - -
. 21 ‘ ) (1) 6.7 - -

(1) Insufficient number of observations made- %o obtain averages comparable with those
at other stations. :

3. Total and Suspended Solids and Turbidity--The abrupt rise at station 19 of
total solids (figure 6) is probably due to a sand and gravel washing operation in the
vicinity of station 18, The fact that total and fixed solids rise,in greater propor-

on than volatile solids would bear out this assumption, as would also the curve for
curbidity (figure 9), which shows a slight rise at station 20, Suspended soliés (fig-
ure 7) do not fit into this picture as well as might be expected, though there is a
disproportionate rise in fixed suspended solids at station 20. The abrupt rise in
total solids at .station 21 is due to the intrusion of salt{ water.

= es Cewesn

. 4, Chloride, Sulfate and Alkalinity (figure 8)--The rise in chlorlde 1mmed1atoly
‘below Hopewell is due primarily to the discharge of 31 tons per day of sodium chloride
from the Hercules plant, The rise at station 21 is due to salt water, The rise in

. alkalinity and sulfate below opewell are due to industrial waste discharges. The

~ dischargeﬂ%f(ﬁglu ikl BRGPing caustic, sulfide, carbonate and sulfate, probably
accounts for some of the sulfate rise. No data is available regarding sulfate dis-

‘tharges from the other industries. The rises of these constituents under present
conditions are not known to present any particular pollution problem. .

5. Color (figure 9)--Though there is a slight, but perceptable, rise in éolor be-
tween stations 14 and 15, this constituent remains essentially unchanged over the
stretch of river studied. In Bailey and Tar Bays there are areas of discoloration
easily distinguishable to the eye. °

6;, C.0. D (flgure 5 )~~An 1nsuffic1ent number of C.0.D, determlnations were
made to draw any.conclusions.

l.

7. M.P.N. of Coliform Organisms--The curve of M.P.N. averages {figure 11) shows
, Many, though not extreme, varlations. Mean and geometric averages (figure 12) show

Jother curves, though the rise at stations 19 and 20 are not fully explained. It .
is believed this rise is due to uninvestigated sewage discharges in the vicinity of an
old brick plant near station 19.




-* from Solvay.

8. pH--The variation in pH at the several stations &p: shown in table 5.

12 -

These

variatious are not considered significant, except at station 12B.

%

.
4

J I ‘i}du‘ « TABIE 5 .
hatl ) pH Veriation
Statien Minimum pH Maximum pH
10 T4 7.35
11 DR . -':.‘ . .—"7.2 . . 8.2
12 e o3 Wt 301
12A L Bch‘ Ih:’ 10.0
iz2B - T i - 8.0
13 1.2 ’ 8.2
1L 1.2 - 8.1
15 - 7.2 £ 8.1 R
16 7.4 8.1 ‘
AT T1.25 - - 8.3 °,
18 : . 702 . A 803 o’
190 = » 7435 R -
20 T.4(1) Lt 7.8(1
21 7.4(1) @ 7.8(1

(l) Range of 3 samples

-

‘
’

9., Nitrogen Determinations (figure 10)--Nitrogen is contributed to the James

River in the Hopewell vicinity principally by sanitary sewage and industrial wastes

o

lO

+

This contribution probably is of no great pollution s1gn1f1cance, exce;j
that the ammonia may exert a B.0.D. on the stream.

T ' "‘k

Conductivitv Data (tebles 6-11)--Conductivity data shows:‘that the wastes f3

Hopewell do not travel far upstream irom Bailey Creek, and that they travel downstre:

through Bailey and Tar Bzys rather than through the main channel.

Supplementary

analytical data (table 25) on miscellaneous samples confirms this. N

11. Biological Data--On the basis of Elgael, plankton and bottom organisms colle

ted and studied by Dr. Weiss, it was concluded that septic conditions exist in Baile;
Creek and nearly all of Bailey Bay, and these bodies are not capable of satisfactori:

supporting aquatic plant end animal life.

Pollution reaching the main channel of the

James River from Bailey Creek does not appear to affect 51gnif1cantly the biology in:
the waters downstream from Jordan Point.

-

f T

Definite conclﬁélons cannot be drawn from the studiés of the Virginia Fisheries
Laboratory since (1) the survey was not sufficiently extensive in time or space, (2)
the use of a small haul-seine limited sampling to areas near shore, and to beaches

. with suitable bottom.

il
.;"

1

 The hauls were rather productive as compared with similar collections made in ot

Virginia rivers.
(Menidia beryllina)?

to the Hopewell area.:

This seemed to be due chiefly to the great ebundance of silverside:

Very few fishes viere taken along the southern side of the-river
from City Point to Jordan P01nt, but the region of low abundence seemed to be restric

)

G “ﬁ

- A considerable.fish kill was observed in the region just west of Jordan Point.
Fish mortalitics in this area have been investigated by the Liboratory several times

‘The past.

clusive of its tributaries, takes place in the Hopewell area.

Available information indicates that most shed spawning in the James, ex-

The existing pollutior
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ay “therefore affect theé production of this commercial species, Few commercial
. fishermen operate in“the immediate vicinity of Hopewell, but this does not indicate
+ that the region is potentially unproductive. Fishermen ssy that flSh caught in this
area are poor in quality and are not commercially deslrable.

Recommendations

1. River Cross Section Study--A detailed -cross-sectional and depth sampling study
should be made between Stations 14 and 15 over a tidal cycle, at as many points as
possible along'the line between the stations. At each point, D.O. determinations
should be made at 1/2 and 2/3 depth at each hour. A composite of the two samples
should be made and the composite analyzed for B.0.D., pH, color, temperature, and

+ nitrogens.

% 4
2. Float Studies--Float studies should be made to determine the effect of tidal
variations and currents on the net movement of wastes downstream from Hopewell, in
such areas as Bailey Creek and Bay, Jordan Point, Tar Bay and Coggin Point. In addi-
tion, a study should be made of tidal actions in the main channel in the Hopewell axea.

. 3. Regular Sampling Stations--pnalyses of samples from Stations 10 through 17
should be continued uwntil enough samples have been obtained to average the various
constituents by tide - incoming, outgoing and slack. Studies at stations 18 and 19

+ should be made to determine the effect of sand and gravel operations in the James River
in the vicinity of Stetion 18, Effcrts should also be made to trace the source of the
wage outlet at.Station 19, and to determine if this is the cause of the M.P.N. curve
Jquilp at station 19. .

k., Miscellaneous Studles--Conductivity and D.O. determlnationo, temperature, and
bottom studics should be continued or instituted in the Hopewell area from City Point
to Coggins Point, north and south of the dredged channel, to help round out the pollu-

. tional picture. Further biological studies should be made to determine the exact
location of the shad spawning in the James River, and to provide further data on the -
effect of the wastes on the aquatic life in the James River.

5. Waste Assimilation Capacityv--The waste assimilation capacity of the James River
should be determined in order to ascertain the meximum waste load it may carry and
still maintain prescribed levels of dissolved oxygen in the river. This will require
a calculation of the time it takes the wastes to travel downstream and a determination -
of the rate at which the wastes decompose. -

.. 6. Solvay's B.0.D.-- Solvay should determine the B.0.D. of its efflvents to find
whgfjfr the aumonia present in the waste exerts any B.0.D. on $he stream. .

NT. Pollutional Load of Hopewell and Camp Lee--Studies should be made to determine
the pollutional loed added to the James River by sewage from Hopewell and Camp Lee.
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Biological Studies

Report of Dr. Charles M. Weiss
on
Samples of Plankton, Algae and Bottom Organisms

The biological studies on the James River, reported herein, are part of an overall
pollution survey to determine the extent and degree of pollution in the James in the
vicinity of Hopewell, Virginia. Other phases of this survey include the chemical
and bacteriological sampling by the Virginia Water Control Board, the industrial
sampling by the Hopewell industries and the fish-life sampling by the Vlrglnla
Fisheries Laboratory. , .

The biological investigations are concerned principally with the plankton, the at-
tached algae, and the bottom organisms of the James River in the area under survey.
The plankton of the river was analyzed as to mgjor groups. The attached algae on
the channel buoys were sampled and reported with respect to the dominant types.
Bottom samples were taken from the river gbove and below the City of Hopewell to

- possibly determine the distribution of the pollution discharges and their effect on

the bottom organisms.

The sampling techniques employed were standard and will only be briefly summarized.
The plankton samples were taken with a Foerst water sampllng bottle and preserved i1
5% formalin.

In the laboratory the plankton was concentrated by céntrifuging for 5 minutes at
about 1500 r.p.m. The plankton count was*made using the Lackey drop method and the
final counts reported as number per milliliter. (Table 6)

' The attachment forms on,the channel buoys were ‘'sampled qualitatively. This was ac-

-complished by scraping from appropriate submerged areas on the buoys. These areas
vere. a.band at the waterline, consisting principally of a bacterial and diatom slime
£f1lm and a band about 6 inches below this surface vhere 'a more luxuriant growth of
filamentous algae was, found. Buoys above and below Hopewell were sampled as indicat
in Table 7. The forms’ reported ar? the dominant type observed in each sampled area.
Both Eckman and Peterson dredges were used in the bottom sampling depending on the
nature of the bottom and the strength of the current. Soft bottoms were usually san
pled with the Eckman dredge and the hard bottoms with the Peterson dredge. However,
where the current was running strong it was necessary to use the heavier Peterson
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#™iredge to obtain a satisfactory bottom grab. The bottom samples were examined in
., the field and in many cases an appropriate portion returned to the laboratory for
further analyses. The samples were washed through a 30 mesh sieve and the residue
?n the g%eve used in the description of the particulate matter and living organisms.
Table

On the attached map only those sampling buoys and station locations are marked where
samples were taken for the biological survey. The marked buoys may represent both
a sample taken from the buoy and/or or a location where a bottom sdmple was taken.’
The term Bailey Bay has been used to describe that embayment in the James River
vhere Bailey Creek discharges.

The plankton samples, because they are subject to considerable natural variability
due to the river flow and tidal circulation in the James at this point, and having
been sampled on only one date are not representative of several tidal cycles, can
only be discussed in the broadest terms. However, the plankton analysis is indica-
tive of several features, 1In general it can be interpreted that a comparatively
large number of blue-green algae and flagellates are indicators of organic pollution.
One item that is noteworthy is that the top and bottom samples have fairly similar
counts. The differences are hardly significant and it can be assumed that the water
is uniformly mixed. It might be expected that due to the high turbidity of the river
there might be some stratification of the photo-synthetic forms, However, the day
of sampling, August 27, was cloudy and overcast and may have resulted in a more
uniform distribution than on a sunny day. On a sunny day the tendency would be for
/.§he photo-synthetic forms to gather in higher concentration toward the water surface.

The decrease in both the green und the blue-green algae from the farthest upstrean
station to . the farthest downstream station is feirly consistent. The high count of"
green algae that is found at Station #10 is probably due to the fertilization effect
by the sewage discharges of the City of Hopewell. The decrease downstream may or may
not be due to influences of the Bopewell industrial discharges. More likely it is
the result of dilution of the fertilizing substances. The effluent from the indus-
trial discharges does not appear to have a significant effect although the rapid
decrease in plankton concentration between Stations 10 to 14 may be in part due to
these discharges. No attempt was made to identify specific types in this plankton
analysis due to the fact that material had to be preserved, and preserved specimens
ere rather difficult to identify even by the .specialist. a '
'-
The analysis of the algae attachment on the channel buoys is of more significance in
that it was possible to be more specific in the identification of the algae and
some. .are known to have rather specific relationships to polluted or non-polluted
waters. The algae at the water lire were growing on the rather heavy bacterial
slime film in which many diatoms were embedded. The surface had a dark greenish
appearance. In dovnstream progression the dominant species on the slime film
changed from the blue-green algae Oscillatoria to the green algae Cladophora. The
former is generally associated with polluted conditions while the latter is s found in
: non-polluted wvaters, The algae growing in rather luxurient fashion about & inches
below the water line were dominated initially by Spirogyra and Stigeoclonium both -
. /_gollution favoring forms and then changing to Cladophora. The change in prevailing .
ype occurred at Buoy N 108, This change in dominance of the attached algae probably
occurs at a point where the sewage effluent from Hopewell reaches a dilution that
no longer affects the growth of the algae. -

I, )
The results of the extensive bottom sampling have shown an interesting picture of'

bottom conditions, organism association and effect of the industrial effluents.'

e e
' BN LI
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(Table 8). The area north of the ship channel generally has a bottom of fine sand
mixed with clay in contrast to the mud bottom south of the chamnel. This difference
alone is sufficient to produce a different organism association.without the added
factor of pollution. However, comparison of bottom conditions up and downstream of
Jorden Point on the south side of the channel can be used to evaluate the effect of
pollution. The presence of the bottom organisms noted as tubificids and chironomids
are indicative of bottom conditions where the mud contains large quantities of readily
utilizeable organic matter. The organisms, the former an oligochaete worm end the
latter the larval stage of a midge fly, are usually found in the zones of pollution
described as degredation, decomposition and recovery. Since they require dissolved
oxygen they are absent from the septic zone. The chironomids usually reach their peak
in abundance in the zone of recovery whereas the tubificids are found in greatest
numbers in the zone of decomposition. Both forms will be found utilizing organic
material from natural socurces; e.g. plant debris, and their presence does not neces-
sarily imply pollution. However, the presence of large numbers of these.forms us-
ually implies organic matter of pollution origin. :

1
U

" The several types of molluscs found in the bottom collections can also be used as

pollution indicators. The finger-nail clams (Sphaeriidae)} are more tolerant of pollu-
tion than the larger fresh water mussels. The snail genus Goniobasis belongs to the
group of gilled forms (Prosobranchia) which require water with a high oxygen content
vhereas the snails of the genus Pleznorbis are air-breathing forms and are therefore
more tolerant of pollution, The presence of Bryozoa can also be used as an indicator
of satisfactory water conditions since they are usually found only in non-polluted
wvaters. pew T

Debris noted for the various stations, particularly in the Bailey Bay area, shows

a rather bigh concentration of wood chips and fibrous material increasing to a peak
at station BB#M where the bottom sample was practically 100% wood chips. On a line
running directly out from the mouth of Gravelly Run, the bottom samples containing
vood chips in large quantities were found neerly half way to the ship channel. In
general nearly all the Bailey Bay bottom samples. contained woody fibrous material

in addition to the natural plant debris. The stream bottoms at the mouths of Gravel-
ly Run and Bailey Creek were in septic condition as well as the bottom of Bailey
Creek at the Route 10 bridge. The Bailey Creek bottom at the Route 154 bridge was
aerobic and was being actively worked over by the tubificid worms and chlronomld
larvae. i

The results of the biological survey indicate that the severest effects of the indus-
trial pollution from the Hopewell area are limited to Bailey Bay. Sanitary sewage
discharges from the City of Hopewell affect the river for only a comparatively short
distance and little or no effect from either source of pollutlén is ev1dent for any
significant distance east of Jordan Point.
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- TABLE 6

. Plankton (no. /ml)(l) :
Sampling Desmids Diatoms Blue Green Green Algae ~ Flageliates Protozoans Miscellaneous
Location . Algae ' ‘
Buoy N 126 T T -

Top ) - 32 24 _ 292 12 - -
. Bottom - b 12 3g2 4 . - -
Station #10 : . ‘ :

Top - 2k oL .o h32 L . - o

Bottom - 20 16 < 440 16 - b
Station #13 S y : :

Top - J-L N 1 112 20 b i
Bottom - 32 S -] 180 I I , L.
Station #14 . ) w
Top - 6 .8 172 | 16 - L F

Station #15 . A ’ : : o
Top - 2k 8 112 ' A - : -
Buoy C95 : S _ s
Top - 12 - - - 80 8 ' Y -
Bottom - 16 Y - 88 - 16 4 » -
Stetion #18 = o ' >
Top - 2h . - : T2 16 4 -
Bottom L 8 - .. 8 - 56 L - -
(1) Sampled 27 Aug. 1951 - 11:15 am - 2:45 pm v A

L HH

TABLE T 1)
Algal Attachment to Channel Buoys(

Dominant Types

Buoy EIgae of Waterlinme FImm ~ _—mms\ﬁrce-m

N 126 | Oscillatoria T T T Spirogyra

N 120 Oscillatoria , Stigeoclonium (?), SPirogyra

N 118 Oscillatoria - - .~ Spirogyra

F1 G 111 Spirogyra, Osclllatoria Spirogyra

N 108 Cladophora ‘ - Cladophora ‘

F1 R 106 Oscillatoria Cladophora £ ii; Siggieg gg
N §E . 8%2%33%8?: 5 8}333§§8ra’ Spirogyra am - 12:20 rg
N 84 Cladophora = . Cladophora : . : ;

“ . ]
5 e . .

|
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TABLE 8

Bottom {;amples

Sieved Debris

Station # 18

3tation # 19

¢

3

Pebbles

Pebbles

little organic debris

Sampling Sampling *Physical Characteristics Description 4 of Orig- Organisms
Location Date - 1951 inal Sam- K )
8-27, 8-30 _ _ ple Volume . _ A gu
Buoy N126 X be Fine sand, nearly all through No organic debris ) - None: =y -
. 30 mesh sieve o T
Station # 10 x Fine sand, gray clay Twigs & leaf debris - None
Station # 12 «x Gray clay ' Lesf and twig debris - None )
Buoy N11lk X Fine sand Very little organic debris - None
Station # 13 x Fine sand Bark pieces - None (dead white
- rerch in area on
8/21/51)
Buoy Fl G 111 . Sand-mud, sticky Fine organic debris 10-25 Many tubificids
. and chironomids
Station # 14 «x Clay-mud Organic debris principally - One fingernail
.bark pieces clam shell
(Sphaeriidse)
x Fine mud Plant debris, bark 25-50 Mussel shell
Station # 15 x Brown mud, soft Considerable leaf debris Several tubificids
and chironomids
ke No mud Pleznt debris & bark 95 None
Buoy N 98 pY Pebbles None Bryozoans
Buoy C 95 X Soft mud Plant debris Many tubificids
. : : broken mussel
shells, fingerndl
. clam shells
Buoy N 94 % Fine mud and sand, soft Plant debris, bark 5-10 None
Station #17 «x : 3oft mud Plant debris, bark - Many tubificids
' ’ - ‘ L i and chironomids
Buoy C 87 x Very soft mud Plant debris, bark . - - Few tubificids

and chironomids
Many snails. (Gon-
iobasis)Bryozoans
Snails, bryozoans
(2 ﬁ( iies)

PO
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TABLE 8 - Continued: ;. ..
Bottom Sauﬁrgles . &}
Sleved Debris

~ Sampling Sampling Physical Characteristics Description R % of Orig- - Organisms
- Location Date - 1951 : : i inal Sam- - -
' 8-27, 8-30_ . : _ ple Volume
Tar Bay #1,, X .., Pebbles Little organic debris - Snails, bryozoans
' ' ' ' ' (2 species) .
Tar Bay #1 X Sticky, Jjelly like gray-bleck Plant debris, worm casts less than 2Few tubificids, chi-
mud . : _ ronomids, snails:
o . , : e (Planorbis)
Tar Bay #2 S aticky, firmer than TB #1 More Plant debris, .worm casts 1-5 Few tubificids,
sand chironomids .
Tar Bay #3 X Sticky gray mud, firm - Plant debris 10 Several tubificids
‘ - . . chironomids ... .
Bailey Bayi#l X  Sticky soft mud Plant debris woody fibrous 5-10 Few tubificids -and
nE material, wood chips chironomids
- Bailey Bay#2 x . Gticky, soft mud Plant debris, woody fibrous ' Few tubificids and
" 'jelly like on top material, wood;chips 1-5 chironomids
Bailey Bay #3 X Black soft mud, anerobic Plant debris, wood chips, : : :
) fibrous material.y; - . 5-10 None
Bailey Bay #u X No naturel bottom *  Wood chips LT : 95.100 None
Bailey Bay #5 x - Soft mud * ‘Wood chips .;+ 50% None
Bailey Bay #6 x Soft mud " Fibrous material : 10% Few tubificids
Bailey Creek X Very fine sticky mud, black, . Plent debris, no: f:l.broua 10 None (one turtle)
Rt. 10 A "' anerobic ' material : .
Bailey Creek b Gray soft mud Plent debris 10 Meny tubificids,
"~ Rt. 154 o R S R S . chironomids and uni-
: ‘ - o dentified fly lar-
’ vae. Many turtles.
*Estimate in field 4 e .
. fliL i ’ o 2
. .
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Report of Virginia Fisheries Laboratory
on Fish Sampling, by W. H. Massmann and E. C. Ladd

- This brief survey was ccnducted as a part of the biological study of the

James River to determine the extent and degree of pollution in the vicinity of Hope-
wvell, Virginia.

The samples were taken with a small haul-seine in suitable areas along the
shores of the river. The method requires that the bottom be relatively smooth and
firm and free from snags. Fifty-six hauls were made at eighteen stations. Seven-
teen of these stations are shown on the accompanying chart; the eighteenth, station
208, was at Drewry's Bluff, about six miles below Richmond.

In general, compared with similar samples taken in other Virginia rivers, the
hauls vere rather productive. Altogether, 2,438 fish belonging to 19 species were
taken, an average of 43 fish per haul or 32 fish per 100-foot haul. Dividing the
section of river surveyed into three areas: above City Point, City Point to Jordan
Point, and below Jordan Peint, the following average numbers of fish were taken per
100-foot haul: 33.5, 1..3, and 34.2 respectively. The relative numbers captured
in the Hopewell vicinity would be much less if station 203 were omitted. There
would be considerable justification for this omission, for this station is across
the channel and therefore outside the region of greatest pollution. In general,
fishes appeared to be less abundant, and fewer species were taken, along the south -
bank of the river from City Point to Jordan Point.

Station 198 represents the location of an observed fish mortality: silversides,
vhite catfish, alewives, and hogehokers were picked up at the surface in a dying or
dead.condition. Dead menhaden were also seen on the beach at station 197. It was
in this region (Jordan's Point) that similar mass mortalities of fish were reported
1o the Virginia Fisheries Laboratory in May and in July, 1951.

e 8
o b
I |

- Details of collectlons at each station are glven in table 9.

Rt Color Determ&natlon. The color test, as déveloped by the State Water Control
Board laboratory, was a relative one to point out’ varlatlons in river color. The
Klett-Summerson photo-electric colorimeter was used, with #54 green filter end a
10 mu cell to.give the best range of readings.

Each sample was thoroughly centrifuged for 20 minutes, or longer, at 1500-
1700 r.p.m. 'in a Precision Scientific No. 67643 centrifuge. The centrifuging elini-
inates turbidity and attempts to show only "true color". After the Klett-Summerson
coOlorimeter was standardized to zero with distilled water, the series of samples
vere run through. The readings are in inmerse proportion to the. intensity of the

colors, S

Data and Results !

In the feges followings are graphs and tables ot all analytical and other data
collected during the survey.

. Pages
Figures 5-12, Graphs of averages of laboratory data
at river sampling stations 23-30
Tables 10-30, Analytical data at river sampling stations 31-51
Tables 31-37, Analytical data on industrial wastes
samples 51-58
Table 38, Stream flov data ' 59
Tables 39-Ul4, Tidal current date at river sampling ,
. !  stations 60..65
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TABLE 9 . .
Identification of Fish Collected by Virginia Fisheries Laboratory :
SPECIES 189 190 191 192 193 194 195 196 197 198 199 200 20I 202 203 204 205 206 208 No.of
Alosa sapidissima, e = — -— - Fish
Shad . 2 . o o
Pomolobus pseudohar- ' ’ , o 3
ensus, Alevife 2 6 7 2 . X o : - i7
Ponclubus aestival- ~ . i _
is, Glut herring T -91 95 1 58 6 . o . 1 N 259
Brevoortia tyrannus : ) . .
Menhaden 1 : : : 1
Anchoa mitchilli, _ o :
Anchovy ) . oL ' n > - . . 8 . 10
Notropis hudsonius, . . . A ’ . o
Spottail b - .17 9 1 23 9 7 R L3 16 90
Notropis analostanus, . . . -
Satinfin T 2 - ' 3 : : i : o - - . , 15
Ictalurus catus, : o . . : S : , L .
White cati'ish : F S | : B 1 x4 . - . L
Ictalurus lacustris, ’ Co . : _ .
Chznnel catfish 3 .3 2 o . 1 e - Y ‘ T 10
Ameiurus nebulosus L . k T
Brown bullhead 1 . ' 3 . A o i
Fundulus diaphanus ’ : : . ' : .- ’
Barred Killifish L kb 2 i o 3 4 5 25
- Fundulus heteroclitus , : .
Mud Minnow ! 1 S 1 2 1 51 2 6 65
Strongylura marinus ’ : : . . v
Needlefish C o - ‘ ‘ : e 1. 1
Trinectes naculatus : . A o : . CL
Hogchoker 1. . 1 ' 10 . 1 . C 13
Menidia beryllina . - % . ) ' ) :
Silverside 41 68 67 =224 80 108 257 107 302 . 56 29 . B8 5 136 b2 - 1610
Boleosoma nigrun R a0 7 L - - .
Johnny darter i . - _ 2 3
Leovomis gibbosus - :
Punpkinseed R 1 2

’
. . ] ’ ..
"~ s (] .
<



TABLE 9 (Contt) T

SPECIES - Yo, of
. 189 100 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 208 Fish
joronc ancric s,

Wi:ite perch 3 1 ) 3 9 7 175 31 17 ) 2 9 1 20/,
Pocous santilis, S

Suriped Lass or

rock 1 1 1 3
iunbor of houls 2 5 6 3 4 4 3 Z 3 - 3 3 2 2 2 2 3 1 2 56
Pist nee Jwuled :

(fect) 800 500 1200 600 400 400 200 400 300 = 500 600 40C 200 200 100 400 10C 200 7700
Ihusher of fish 68 173 191 43 162 147 1458 150 343 - 72 36 1 o 155 ¢ 172 22 15 2438
wber of species ] 3] 7 5 7 S 5 5 8 2 8 5 1 o 6 4 8 1 i 1S
Fish per houl 19 35 33 83 42 37 155 38 14 - 27 12 05 0 T 4 57 42 8 L2
Fish per 10C=foot

haul So 3440 1509 40,5 £0e5 3608 114..5 37.5 11,2 = 1 .4 6 0,25 O 775 /. A SR Se B 32
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RESULTS OF LABORATORY ANALYSES
LOWER JAMES RIVER 20LLUTION STUDY

TAVIE 10

(1)
* (2): (3): (h’):(S)
(6)

(7)
(8), (9), (11)
(10)

*Questionable

* Muddy but no apparent color from waste.

Muddy, but no apparent color from waste.
Very muddy but no apparent color from waste.
Slightly muddy but no apparent color frcm waste.
Slightly muddy but no apparent color from waste.
jome scum and trash on surface.

No scum or sludge observed.

Some trash noted.

No bark, sludge, scum or trash noted.

Much sludge and bark observed in this area.

August 6-Septemver 6, 1951 Purc 31
STATION 10

Date 8-10 8-15 8-20 8-21 8-22 8-27 8-28 8-29 9L 9-5  0-6  Total Avg. High Low
D.0. ppm 6.0 5.6 5.6 6.2 5.6 5.3 6.0 5.2 6.% 6.2 5.8 640 5.8 6.% 5.2
Alk. ppm CaCO3 . L8 42 46 47 48 55 48 52 52 57 5 562 51 56 L2
H 7. 7.65 7.8 7.5 7.5 7.8 7.85 7.8 7.7 8.3 8.1 7.85 7.4

__B.0.D. ppm__ 2.73_3.6_ 3.2 1.6 2.5 2.8 0.25% 0.73* 2.7 2.3 3.0 2h.k 2.2 3.6_ 0.25____
Total - Totel . 17179 289 263 M5t (T 381 ) (7270 ) 1868 267 W15 79

~ Solids - Volatile 61 18 16 106 © ) 273 ( ) 105 ( 579 83 273 ©
ppm - Fixed 110 61 273 157 k15 ( 108 ) ( 165 ) 1289 184 415 61
Suspended - Total 49 41 13+ 119 283 ( 46 ) ( 90 ) 762 109 283 41
Solids - Volatile L 16 32 85 0 ) 10 ( ) 21 ( 208 30 85 0
Ppm - Fixed 5 25 102 84 © 283 ( 286 ) ( 69 ) 554 79 283 5
Sulfates (S0y ppm) k9 = 53 Lo~ 48, 126 59 49 78 70 50 43 523 48 126 Lo
Chlorides (Cl ppm) 11 10 11 10 14 13 11 11 13 13 13 131 12 1k 10
Turbidity (SiO, ppm) 34 L1 50 80 32 29 10 28 48 28 380 38 80 10
Color K-S Reading No. 54 Filter - - 8 7 8 T 6 6 7 7 6 62 T 8 6
NH, Nitrogen ppm . 0.h 0,5 0.45 0.17 0.224 0.7 0.224 0.50k 0,616 0.392 4.18 0.42 0.7 0.17
HO3 Witrogen ppm 0.028 0.32 0.067 0.028 0.9 0.4 0.03 0.084 0.086 0.106 0.591 0.059 0.09 0.028
NO3 Nitrogen ppm 0.1% 0.25 0.37 0.58 0.288 0.256 0.208 0.240 0.256 0.256 2.84 0,284 0.58 0.1k
C.0.D. ppm o 33 32 106 35 L 32
Temperature °C. 230 28° 29° 30° 29.50 27° 26° 26° 280 279 26° 309  23°
Time O to 2300 10:00 10:20 10:30 10:30 10:15 11:40 9:30 9:00 10:00 8:15 8;25
MPN Coliform per 100 cc. 2300 930 930 430 2400 230 430 91 430 1500 2400 12071 1100 2400 91
Observations (1) (2) (3) (k) (5) () (7)_ (8) . (9) (10) (11)

No sludge or bark noted.
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(1), (2),(3)
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(9), (10) .«
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Scunm noted on surface of water.

Water clear.
gt

Mo obvious

scum or trash.
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WUy OF LABORATORY AWALYSES '
LOWER JAMES RIVER POLLUTION STUDY ¢l 11
August 6-September 6, 1951 ' . Prre 37
- : STATION 11 U .
Date . 8-10 8-15 8-20 8-21 8-22{8-27 8-28 8-29 9-4 9-5 9-6  Total Avg. High Low
D.O. ppm 7.2 6.8 6.5 6.8 6.4 |8.2 T.6 7.8 8.0 6.6 5.7 T7.6 T7.05 6.2 6.4
Alk. ppm CaCOg 36 "k S0 b5 4 |45 49 b5 - 59 65 49 525 - 48 .65 36
pH 7.2 7.65 7.6 7.2 7.4 °'7.5 7.1 7.3 7.6 8.2 8.1 8.2 T2
B.0.D. ppm 3.84 3.9 _3.1__1.2 _1.8__ 4.6 4.6 2.5 3.8 2.9 2.4 3%.6_3.1_ 3.9 1.2
Totzl- - Total 180 175 318 193 267 ( 153 ) ( 254 ) 1560 223 318 T 153
Solids - Volatile 29 84 124 5 43 ) 10 ( ) 58 ( 353 50 12k 5
PpM - Fixed 151" 91 191 188 24k (143 ) ( 196 ) - 120k 173 2kh o1
Suspended - Total 50 40 59 5 115 ( 4hy ) ( 15 ) 458 66 115 4o
' Solids - Volatile’ 5 0 Lg 30 19 ) 16 . | ) 19 ( 133 20 49 0
ppM - Fixed b5 %0 10 4s 96 ( 28 ) ( 56 ) 320 46 96 10
Sulfates (SOy ppm) 36 W3 61 58 70 31 38 53 61 47 L5 5Ly 49 70 31
Chlorides (Cl ppm) 7 9 15 10 13 7 P 12 12 12 13 119 11 15 .7
Turbidity (SiO, ppm) - 65 30 35 45 38 25 10 22 48~ 32 350 35 65 10
Color-X-S Reading #54 Filter 9 8 7 il 8 8 8 9 - 8 76 8.5 11 7
NH, Nitrogen ppm 0.4%5 0.40 0.50 0.17 © 0.50 0.280 0.50% 0.56 0.448 3.81 0.33 0.56 O
NO> Nitrogen ppm 0.02% 0.056 0.07 0.003 0.01 0.03 0.09 0.099 0.046 0.062 0.517 0.052 0.099 0.0
NO; Nitrogen ppm 0.1% 0.30 0.40 0.26 0.224 0.288 0.288 0.256 0.224 0.24 2.62 0.26 0.4 0.1k
3.D. ppm " - 17 - 16 32 65 22 32 16
Temperature C. 28° 30° 319 30.5° 30° 25.5° 26° 27° 29° 27° 30.5° 25.5°
Time(0 to 2300) -i 16:10 17:45 18:10 16:40 15:30 18:20 16:10 15:35 16:40 1h:30 1h:45 .
MPN Coliform per 100 cc 360 9300 280 L4600 930 1500 4600 430 430 11000 1500 34930 3170 11000 280 .
Cbservations (1) (2) (3) (¥) (s5) (6 (7) (8) (10) (11)
> ;



QESULTS OF LABCRATORY ANALYSES .
LOWER JAMES RIVER POLLUTION STUDY JRRRSS P A

Time (O to 2300)

PN Coliform per 100 cc
Cbservations

(1)

(2)

{3)

(%) .
15);, (1), (8), (9), (20).
(6)

(11)

. SRR August 6-Septeaber 6, 1951 Prec 33
- STATION 12 .

© Date 8-10 6-15 8-20 8-21 8-22 8-27 06-28 6-29 9-4 9-5 Q-6 Total Avg. High. Low

* D.0O. ppm 6.1 5.9 5.6 6.2 5.9 3.8 58 5.5 6.4 6.2 5.2 2.6 5.7 6.4 3.8
Alk. ppm CaC03 1 Ly 46 i 61 Sll- L8 51 61 5.7 510 Sl 61 Ll
PH B 7.65 7.5 7.35 7.3 7.4 7.55 7.55 7.6 8.0 8.1 8.1 7.3

_ B.0.D, ppm 3.3 2.3 0.9 1.0 6.9 Unsat.Unsat.l.7 2.6__ 2.5 _22.2_2.6._6.9_0.3
Total - Total R 207 303 315 151 ( 19k ) ( 181 ) 1350 225 314 151
Solids - Volatile . pie) 174 118 51 ) 29 ( ") . T2 ( L1279 17k 28
ppm -  PFixed 0 179 129 196 160 ( 165 ) ( 109 ) 8786 146 196 100
Suspended - Total 48 9 17 122 o] ) ( ol ) 420 170 122 0
Solids - Volatile K. 40 20 7 49 3 0 { ) 18 134 22 b 0
ppm - Fixed 8 59 .70 " 173 ( 0 ) ( 76 ) 286 48 76 0
Sulfates (SOy ppm) E " 56 51 46 66 58 L8 51 70 50 56 562 56 70 ; 46
Chlorides (Cl ppm) 11 12 11 15 1k 11 11 12 13 1k 2k 12 15 11
Turbidity (SiO, ppm) N 65 50 3 35 2 33 6 28 36 22 330 33 65 6
Color-K-S Reading#5k Filter 9 8 10 9 6 8 & 9 7 T4 8 10 6
W, Nitrogen ppm - 0.35 0.40 0.56 0.11, 0.392 0.3 0.28 0.504 0.78 0.616 4.29 0.43 0.78 0.11
NO; Nitrogen ppm 0.03 0.034 0.027 0.0k 0.24 0.08 0.06 0.116 0.128 0.188 0.94 0.094 0.24 0.027
NO; Nitrogen ppm 0.16 0.25 0.33 0.29 0.30% 0.320 0.256 0.256 0.256 0.27 2.69 0.27 0.33 0.16
¢.0.D. ppm 67 <2k 91 46 67 - 2k .
Temperature °C. 29.5°9 29¢ 300 29° 270 26° 26° 27° 28° 26° 30°  26°

10:15 10:30 10:45 10:10 10:25 11:55 9:45 9:10 10:25 6:30 8:35
3900 4300 1L0O 430 930 730 11000 2400 1500 1200 2400 30190 2740 11000 430
(1) (2 (3 (&) (5 (6) (1) (8) (9 (10) (11)

Sludge, Scum & Bark noted to be more abundant in area between Station 10 and 12 than at
Station 12 '

Bark on surface c¢f slightly muddy water.

Scum on surface or trash noted.-

No scum, sludge or trash noted.

Water has unusual dirty appearance with much sludge and bark with an occa51ondl dead fish.

Trash and bark noted but no signs of sludge or scum.
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. TABLE 13

Lt _ SRS RESULTS -OF LABORATORY ANALYSES

: LOWER JAMES RIVER POLLUTION $TUDY
August 6-September 6, 1951

STATION 12A '
Date 8-20 8-21° B8-22 B-27 8-28 8-29 - 9-% 9-5 9-6 Total Avg. High .Low
D.0. ppm 0 0 0 0 0 0.3 0 0 0 0 0 0.3 0
Alk. ppm CaCOg ' 267 k08 312 ka2 318 168 540 b2 so4 3kl 390 k22 168
7H 8.4 9.65 9.6 9.25 8.9 8.3 10.0 8.6 9.2 , 10.0 84
.0.D. ppm 201 40 360 282 220 92 . 390 410 300 2665 297 . ko 92
Total - Total 991 2105 1658 ( 1288 ) ( 2300 ) 83k2 T 1670 2300 991
Solids - Volatile 364 1001 1592 ) 496 ( ) 972 (  Lh2s 885 1592 364
ppm - Fixed 627 1104 66 ( 792 ) ( 1328 ) 3917 785 . 1328 66
Suspended- Total 97 145 252 ( 108 ) ( T26 ) . 1328 265 126 97
Solids - Volatile 38 126 173 ) - 79 ( Yy - 276 (692 139 276 38
pom - Fixed 59 19 79 ( 2 - ) ( 450 ) 636 126 bs0 29
Sulfates (SO, ppm) 80 143 14 122 115 80 172 161 162 1049 117 172 . 1k
Chlorides (Cl ppm) -~ 198 355 300 380 323 83 295 273 290 2497 277 380 83
Turbidity (S1iSO2 ppm) 10 5 10 4 7 6 b 190 - - 8 244 27 190 L
Color K-S Readings #54 Fil- :
ter ) , - 180 Lhs 262 236 264 83 375 276 280 2401 267 Luis 83
NH3 Nitrogen ppm 2.4 7.2 6.3 4.8 6.2 8.4 7.6 3.6 9.2 55.7 = 6.2 9.2 2%
NO2 Nitrogen ppm 0.85 0.02 Unsat. 1.6 0.03 9.6 Unsat. Unsat. Unsat. 12.1 2.4 9.6 . o2
NO, Nitrogen ppm 1.0 1.4 Unset - 1.7 1.36 3.2 1.52 Unset. Unsat. 10.18 1.7 3.2 1.0
c.0.D. ppm’ 412 926 700 T35 588 242 896 1156 839  6uok 720 1150 2h2
Temperature °C. 35 3.5 32.3 27.%  27.4 31.2 30.4 28,7 27.6 35  27.4
Time (O to 2300) 14.00 11:00 12:30 12:30 12:00 12:15 11:55 11:35 11:55 . B
. Analytical Data on Duplicate Samples By Hercules
D.0. ppm nil nil nil nil nil @43 nil nil nil nil 0.3 nil
Alk. ppm CaCO3 T, 261 417 323 L2g 337 .187 585 L6E  .500 - 389... 585 . 187
B.0.D. ppm . - - - - e e - 317 .
C.0.D. ppm ' 425 1042 794 825 660 220 979 1286 878 .. 790 1286 220
Termperature, °C. . 35 31.5 32.3 26.0 27.4 31.2  30.h4 8.7 27.€ . 29.9 35.0 26.0

Time (O to 2300) 14:00 11:00 }2:30 12:30 12:00 12;15 11:55 11:35 11:55
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TABLE 14
RESULTS OF LABORATORY ANALYSES
LOWER JAMES RIVER POLLUTION STUDY
August 6 - Scptember 6, 1951
STATION 12B

Date

8-22 B-28 5%

8 8-21 8-27 8-29 9-5 9-6 Total Avg High Low
D.0. ppm 3.9 2.5 2.0 3.1 2.3 3.1 2.3 0.8 0.3 8.4 2.3 3.9 03
Alk. ppm CaCO3 -6 63 57 51 58 64 62 - 718 79 558 62 6k L6
1 T 7.5 7.3 7.1 7.2 7.3 7.65 7.5 8.0 8.0 3.0 7.3
.__B.O.D, ppm 8,0. 'Unsat. 8.6 17.4 28 28 35 40 33 198 25 40 8.0
_ Total - Total T 228 1 151 A 16k ) (Tl Y 738 185 228 151
Solids _ - Volatile 198 142 ) s ( ) 8 ( k79 120 198 54
prm - Fixed . 30 9 ( 110 ) (110 ) 259 65 10 9
Suspended - Total % 39 29 | 35 ) ( 2k )y 167 33 Lo 2l
Solids - - Volatile o - 22 2k ) 15 ( ) 1k ( 115 . 23 Lo 1k
ppm -Fixed 0 17 5 ( 20 ) ( 10 ) 52 10 " 20 0.
Sulfates (SOL ppm) 12 54 - 49 18 29 8 10 8  Unsat, 188 24 Sk 8
Chlorides (Cl ppm) 17 17 30 23 20 .. 19 19 4 22 206 23 . Lo 17
Turbidity (S1SOo ppm) 15 1y 33 L 29 10 12 10 - 8 135 15 33 h
Color K-S Readings #54 Pil- o
tor 10 12 23 10 13 12 16 19 17 132 15 23 10
NH., Nitrogen ppm 4.8 6.0 4.9 5.2 5.0 5.6 7.6 7.6 9.8 56.5 6.3 9.8 L4.8
NO5 Nitrogen ppm 0.01 0.01 0.06 0.09 0.08 0.0% 0.022 0.019 0.019 0.35 0.039 0.09 0.01
NO3 Nitrogen ppm 0.15 0.37 ~.3 0~ 3 0.288 0.704 0.272 0.256 0.224 2.86 0.32 0.704015
C.0.D. ppm . 3h ‘ - 41 Lo 48 50 55 268 Wy, 55 3k
Temperature °C. 24 24 24 -V 21 21.7 23.2 20.9 20.k 24 20
Time (O “o 2300) 14.00 11;00 12:00 10:30 10:40 10:30 10:30 10:20 10:30 o
Analytical Data on Duplicate Samplés By Hercules o
D.0. ppm 3.9 2.5 2.0 3.2 2.3 3.1 2.3 0.8 0.3 2.3 3.9 0.3
Alk., ppm CaCO3 57 64 63 54 5k 52 57 - T35 . .8 o .--62. 8% 52
B.0.,D. ppm - - - - - - - - -t 31 T o
C.0.D. ppm = 38 71 - 68 59 76 52 64 85 9k 67 ok 38
Temperature °C. o4 ok ol 20 21 - 21,7 23.2 20.9 20.k 22,6 2k 20
Time (O to 2300) 14:00 11:00 12:00 10:30 10:30 - - -

10:40  10:30 10:30 10:20



RESULTS OF LABL.ATORY ANALYSES .
LOVER JAMES RIVER 2GLLUTION STUDY L L -
August 6-September €, 1951 e
STATION 13

- Date 8-10 8-15 8 20 8-21 8-22 8-27 "8-26 8-29 9-L 9.5 9-6 Total Avg. High Low
D.0. ppm 5.2 5.2 6.1 5.9 6.0 3.2 5.0 48 6.6 4.6 Lh 570 5.2 €.1 3.2
Alk. ppm CaCO3 52 50 47 b7 48 62 O 50 53 6 61 596 sk 64 &7 |
ol 7.2 7.7 T7.% 7.2 7.5 7.5 8.2 7.5 7.5 7.8 6.1 8.2 1.2

_B.0.D. ppm 5.9 3.0 %0 _ 0.8 k9 9.8 O 1.6 1.6 2.3 3.7 36.5 3.4 9.8 O0.b
Total - Total . 280 234 205 22277230 (T 7235 )T (TTTa66T ) TTTLOTE 20280209
Solids - Volatile 108 33 125 43 89° ) 105 ( ) 86 ( sgh 85 125 33
ppm - Fixed 172 201 84 17h 1k ( 130 ) ( i80 ) 1082 155 201 -84
Suspended - Total 30 49 33 195 178 ( 52 ) ( 76. ) 480 80 195 30
Solids - Volatile 6 17 128 12 ) i5 ( ) 16 ( 190 32 128 6
ppm - TFaixed 2k 32 L 66 ( 37 ) ( . 60. ) 200 48 L 2k
Sulfates (SO; ppm) 50 62 5k 13 61 Ls 43 46 66 51 Lo, 539 kY 66 13
Chlorides (Cl ppm) 12 11 11 11 18 24 12 12 12 1k 15 152 1k oL 11
Turbidity (Si0, ppm) 30 30 4 35 21 29 16 26 29 40 304 30 46 16
Color-K-S Reading #5k4 Filter 10 8 10 9 7 g 8 10 8 70 9 .10 7
NH, Nitrogen ppm 0.45 0.60 0.3% 0.22% 0.392 0.30 0.280 0.56 0.784 0.616 % 0.45 .784 224
VO Witrogen ppm 0.08 0.0k 0.05 0.07 0.1k 0.1% 0.12 0.105 0,183 0.24 1 17 0.12 0.24 0.04

8 Nitrogen ppm ’ 0.30 0.35 0.45 0.37 0.320 0.320 0.320 0.256 0.304 0.32 3.31 0.33 ..i5 .30
D. ppm ‘
;emperature %c. 23 -29.5% 29° 309 290 27°  26° 26° 280 26° 300" 23°
Time (O to 2300) 10:30 10:45 10:55 10:50 10:30 12:10 10:00 9:25 10:35 8:50 8:50
MPN Coliform per 100 cc 910 4300 Above;llooo 930 73 750 %30 930 200 930 #2023 3630 11000 73
11000 :
| (()?;ervations (1) (2 (3 () (5) (&) (D (B (9) (1) (1)
(2), (3).- Bark, sludge, scum and oil noted 1in area.

(“), ()); (7), (8), (9), .410) Ne bark, scum, sludge, or oil noted.
(6) Lots oI sludge and bark; dead fish noted in area.
{11) . Trash and scum noted,

*Questionable



o RESULTS OF LABORATORY ANALYSES
AR S LOWER JAMES KIVER POLLUTICH STUDY LS
. August 6-Septeaber 6, 1951 Pee 37
STATION 14

Tate B8-10- B-15 8-20 8-21 08-22 J3-27 06-28 8-29 9-4 9-5 9-6 Total Avg. High Low
T.C.ppm 3.5 5.6 1.k 0,0 0.8 2.2 2.0 1.8 1.2 3.0 3.0 245 2.2 5.6 0
Alk. ppm Ca CO3 s 64 100 108 8 57 75 g6 86 77 7L 87« 80 108 . 64
pH ‘ 7.2 8.1 8.0 7.4 7.7 7.5 8.0 7.8 7.7 6.1 8.1 8.1 7.2
5.0.D._ppm : L9 6.0 17 1312 8.0 8.3 11 1.4 5.8 L4 101.9 9.3 17 L,k
Totel - Total . 279 20k 128 217 387 ( 213 ) ( 284 ) 1772 25% 387 128
Solids- Voletile 53+ 8 12 113 129 ) 11 ( ) 12 ( 612 8 129 12
ppm - Fixed . . 226 122 116 16k 258 (102 ) ( 172 ) 1160 166 258 102
Suspended - Total 36 66 12 76 56 ( 43 ) ( 122 ) 798 11k 122 12
Solids - Volatile 1 T 0 76 20 3 19 ( ) 23 ( 16 21 76 0
ppm - Fixed 3% . 59 12 0 36 ( 24 ) - ( 99 ) 265 38 99 0
Sulfates (SO, ppm) 59 66 52 55 58 L 50 59 67 51 57 623 57 67 . L9
. Chlorides (Cl ppm) 13 15 28 30 25 6 17 19 .23 17 - 17 210 19 30 6
Turbidity (SiOp ppm) 30 11 11 25 25 12 16 40 ok 93 292 29 93 11
Color-K-S Reading #54 Filter 21 23 21 11 11 12 18 12 10 139 15 23 10
NH., Nitrogen ppm 0.9 1.8 1.9 1.1 0.6161.3. 1.3 1.3+ 0.95 0.896 12.1 1.21 1.9 0.62
NO3 Nitrogen ppm 0.2 0.12 0.1 0.12. 2.14% 0.4 1.1 .0.21 0.2610.255 2.80 0.28 O.4 0.012
02 Nitrogen ppm 0.3 0.2 0.3 0.45 0.368 0.496 0.320 0.446 0.384 0.32 - 3.60 0.36 0.496 0.2
c.0.D. ppm Th 50 - 41 41 4o 56 63 45 413 "s2 - 74 40
Terperature °C. = - 23°  31.5° 31° 31° 29° 27° 250 26° 279 250 31.5° 23°
Time (0 to 2300) 10:40 11:00 11:15 11:15 10:45 12:35 10:40 10:00 11:15 9:00 9:15
MPN Coliform per 100 cc 24000 7500 2400 Above 46000 430 430 750 930 150 73 93663 8520 46000 T3
- 11000 : .
‘?biervations (1) (2 (3) (&) (5) (8 (7) (8) (9) (10) (11)
1 . --
(2) N Bark £nd Sludge more noticeable between Stations 13 and 14 than at Station 14. Water dark.

3), (h), (5) Scum, bark, sludge and oil noted in area. Water dark.
Scum and trash noted in area. WYater dark with & heavy o0il film on the surface approaching or at Stat 1k,

(7) ‘ No scvm, bark, sludge or oil noted, approaching or.at Stat. lk. ¥Water dark.
(8) Scum end trash noted. Water dark. Water clear of Toreign matter approaching Station 1k.
89), (10) Scum, trash and sludge noted. Water clear of foreign matter approaching Station lk. Water derk.

.{11) Scun, trash and sludge noted -¢pprcacbingsStation 14 as well as at Station 14, WVater dark.

. .
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RAESULTS OF LABORATORY ANALYSES

LOWER JAMES RIVER POLLUTION STUDY s 17
A ' sugust 6-September 6, 1951 Prrt 30
- STATION 15 _ :
Date B 8-10 8-15 8320 8-21 8-22 3-27 8-28 3-29 9-4  9-5° 9-6  Total Avg. High Low
D.0. ppm 9.2 7.6 6.0 6.8 7. 5.6 L6 LEL 7.5 6.2 5.6 T1 6.5 9.2 L]
Alk. ppm CaCOq ' 46 50 50 48 50 57 61 54 5 6 60 506 54 61 L6
—_B.0.D. ppm . Lo 5.% 23 5.6_5.8__+5_ 3.1 2.9 3.4k 27 1.6 k2.2 3.8  5.8_ 1.6
ol . . 7.2 8.0.=7.4 7.5 7.6 1.45 7.8 7.7 7.6 7.9 3.1 8.1. 7.2
Total - Total . 250 238 245 295 320 ( - 197 ) ( 310 ) 1855 265 320 197
Solids - Volatile 65 88 L7 62 94 )( 73 ) I 218 ) 647 93 218 47
ppD - Fixed 185 150 198 233 226... (. 12k ) ( 92 ) 1208 172 233 92
Suspended - Total;: 101 . 607477127 168" 99 . .(.SAEHE-Y ) o7 ( 78 +7 7)) - 624 .89 .. .127 . 60
Solids - Volatile 269 9 0 7 ) 13 YUY 18 ) 8 -122.° 26 o
ppm - Fixed 7551 118 & 92 ( 18 ) R 60 ) 542 77 . 18 s
Sulfates (SOyppm) 50 ‘6L 75 57 57 48 % 56 63 48 48 616 56 63 kb
Chlorides (Cl ppm) 10 12 12 12 16 1 13 W 1k i 2 155 1 24 10
Turbidity (SiO_ ppm) 39 60 L7 38 24 25 28- 35 32 8 336 34 60 6
Color K-S Read¥ngl5h Filter 11 10 10 ¢ 9 9 11 11 1k 9L 10 1k 9
NH, Nitrogen ppm - ' 0.k5 0.40 0,50 0.168 0.22% 1,0 0.448 O, 50h 0.504 0.672 4.87 0.49 1.0 0.168
NO, Nitrogen ppm - 0.056 0.06 0,08 0.05 0.12 0.1 0.2 0.233 0.183 0.19% %.28 0.13 0.233 0.05
NO; Nitrogen ppm - 0.30 0.40 0.66 0.30 0.288 0.320 0.368 0.40 0.304 0.30% 3.64 .0.36 0.66 0.288
C.0.D. ppm o 25 17 ’ ) 25 17
Temperature C. 23°  30.5° 30° 30° 29° 259 259 259 980 .- 25° 30.5° 23¢
Time (O to 2300) 10:55 11:15 11:25 11:00 11:00 12:50 10:25 10:10 $0:55 9:10 ' 9:95 .
MPN Coliform per 100 cc¢ . 4600 910 2300 430 1400 430 280 NS0 '36  CL30  L430° - 11676 1060 1600 36
Observetions B O N A O (¢ @) : (9) (10) (1) 3. |
(2) Eludge noted. in area. ‘later muddy. .
- (3) ’ Much berk and an occasional sludge deposit noted. Water muddy. ,
(&) No bark, sludge, scum or tresh noted. Water wuddy. ' ¢ : '
Lots of wood chips noted approaching Station 15. Scum noted in area. wWater muddy.
(6) (8) No bark, wood chips, sludge, trash, or scum noted. ) ©
(1) dark, wood chips and trash more abundant apprcaching Station 15 than at Station 1S.
(9) (11 3ark and irash noted in area. : o
(10) Sark and scum noted in narea.

' i'”' .
g
i

13



. RESULTS OF LABORATORY ANALYSES
LOWER JAMES RIVER POLLUTION STUDY P PO R
August 6-September 6, 1951 ‘ Pure 3C
STATION 16

Date 3-10 8-15 8-20 -41 8-22 B8-27 6-28 8-29 9-L 9-5 9.6 Total Avg. High Low
D.0. ppm 6.3 4.2 6.0 LE: h 0 3 0O 3.2 4.6 3.2 L.0 k6.5 4.2 6.3 3.0
Alk. ppm Caco3 52 48 58 0 60 6k 70 63 655 60 70 48
o 7.4 8.0 7.9 7 7 1.8 7 hs 7 7 7.65 7.6 7.9 8.1 3.1 T.bk
< 20.D. ppm . b9 k1 3.2 _6.1_5.2 2.9 5.8 3.1 45 L& 3.4 4.0 L4 6.0 2.9
“hotal - Total 335 200,203 26k 269 (27187 ) (TTe97 )T 18467 264 335 200
solids - Velatile 36 153 L8 105 114 )( 76 WX 85 ) 617 88 153 36
ppa - Fixed 299 © W7 .. 155 159 155 ( 202 ) ( a2 ) 1229 176 299 .47
Suspended - Total 11 86, 29 51 123 ( 53 ) ( 100 ) 553 79 123 29
Solids - volatl;e 0 5T = O 5 17 ) 12 W X 17 §f( 108 15 g7 o]
opm - Fixed .y 111 29 29 L6 1C6 ( 41 ) ( 33 ) bus 6 111 29
Sulfates (SOj ppm) - 81 5k Lk . 50 €0 43 8] 46 53 50 kLl 563 51 81 ul
Chloridgs (Cl ppm) 12 13 1 12 19 13 13 1k 16 15 15 ¢ 1k .19
Turbidity (si0, ppm) - - 38 22 o 32 18 16 2¢ 30 61 36 322 32 61 -

Cclor X-S Readings #54 Filter . 10 10 12 9 T 8 L2 12 9 8 10 12 7

MH, Nitrogen ppm: * 1.2 0.5 0.45 0.3% 0.200 0.6 0.336 0.56 . 0.672 0.672 5.u: 0.50 1.b 0.28
NO5> Kitrogen ppm 0.1k 0.1 0.1 0.18 0.10 0.16 C.2 _ 0.283 0.238 0.227 1.73. 0.173 0.283 0.10
moé Nitrogen ppm 0.5 0.5 0.8 0.38 0.368 0.4 0,116 0.40 0.h16 0.32 L.52 0.952 0.8 .32
C.0.D. ppm : '
Temperature °C. 30.5° 309 31° 30° 29° 259 25.5° 26° 29° 26° . 319 25°

Time (O to 2300)

¥PN Coliform Per 100 cc

Cbservations

11:40 12:00 12:00 11:10 11:30 13:30 11:30 10:50 12:20 9:45 9:50
4600 4300 930 1k0 430 230 2400 36 73 73 930 14142 1285 L4600 36
(L) (2) (3) (&) (5) «(6) (1) (8) (9) (r0) (11)

Sludge and bark more sbundant between Station 14 and 16 than at station 16.

Section of dark water noted in main channel approachlng Station 16. Sludge and bark noted
in dark area. Station 16 area clear.

Scum and sludge noted in sub-channel ayproachlng otation 16. Dark water. Station 16 ares
clean. :

No scum, sludge, bark or trash noted.”

Trash and scun noted in area.

. Trash noted. Dark sections in sub-channel noted approaching Station 16.

Scum, trash, bark oil and sludge noted in sub-chennel approaching ’tation 16 en¢ at 3ta. 16.
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LOWER JAMES RIVER POLLUTION STUDY R
August 6-September 6, 1951 v
STATION 17
Date 8-10 B-15 8-20 B8-21 8-22 8-27 8-28 8-29 9-4 9-5 9-0 Totul Avg: High Low
5.0 vom .8 3.0 3.7 3.8 3.7 %2 3.6 3.8 %2 38 37 %.3739 B 3.0
Alk. ppm Ca(303 48 52 57 55 54 57 61 sk oL 6 62 627 ST 66 L8
ol 7.4 7.8 7.9 7.25 7.2 7.55 7.8 T.45 7.5 7.9 8.3 8.3 7.25
BR.C.ID ppIm ——— !&.1& 3.5 __’_2.2,___’_‘2.115.__“3.8_“._ 1'3 .1533 2_'1’5_ 2‘0 3‘0 3’§ ..,..30‘..2.,_._.2'8 i&.;& lv.'3 .
Totel - Tctal 236 209 187 252 82 ( 130 . )( 257 .. ) T 1Mh3ITT 206 295 82
Solids - Volatile 18 125 48 127 82 ) e O 118 ( 658 93 148 6
- - Fixed Rg 17k 136 125 o (. 12k (. 139. . .) TBY 13 1k o
Suspended - Tctal 55 42 3h 76 5 ) B ¥ - ) e 10k ( 328 47 w5
Sclifs ~-Vclatile 26 32 O 63 5 ( iz T 23 ) 161 &3 3 0
oy - Pixed 29 .10 3b 13 0 ) ‘0 rp0) 81 ( 167 24 81 0
Sulfetes (SO, ppm) 60 49 43 L7 5k 53 39 7 U8 52 b2 51 538 k9 60 39
{‘hlorides. (C1 ppm) 11 11 13 14 19 15 12 13, 1k 15 15 152 14 19 11
Turbidity (SiCoppm) 39 27 22 . 32 18 LA A Iy ¢ 33 5€ 275 28 56 14
Color K-S Repdipga #54 10 10 1 8 7 g% 11 11 9 85 o 1 7
NH- Nitrogen Ipm 0.40 0.50 0.45 0.3% 0.168 +.0 0.22k 0.504 0.672 0.56 L4.82 0.48 1.0 0.168
N02 Nitrogen tpm 0.06 0.1 0.1 0.18 -0.08 9.13"o.@@{fo.;gg;o.aos;o.go 1.31 0.13 0.205.C.06
No8 Nitorgen ppm 0.6 0.7 -0.69 0.38 o.36§‘o.38hrg.k§§i§.&3 0.952°0.336 .71 0.47 0.70 20.336
C.0.D. ppm . R .
‘Femperature ©C. 280  30.5° 30° 29.5° 29° 25,50 269 26° 29° 27° 30.5° 25.5°
Time (0 to 23C0) 12;05 12:25 12:45 13:10 12:20 14:00 12:10 115G 13:00 10:10 10:20
MPN Coliform Fer/100 cc L4600 9300 24000 430 230 910 430 -§SS§ 36: T3 140 LOLTY 3660 24000 30
Obgsrvutions (1) (@) (3) (%) (5) (6) (7Y (8): (y) (10} (11)
(1)-(”RY & (11) No sludge, trash, scum, berk or oil noted in area =
() Scum noted in ares , b
(1Q) Scum, trash, bark noted approach Station 1l¢ and et Station 1€
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RESULTS OF LABORATOKY ANALYSES

LOWER JAMES RIVER POLLUTION STUDY | TARYS 20
August 6-September 6, 1951 ' Page ALl
—_— STATION 18 : .
Deate 8-10 8-15 8-20 8-21 8-22 8-27 8-28 8-29 9-4 9-5 9-6 Total avg. High Low
50, ppm .. 3.8 L.o 3. 3.2 L6 LA RL 5.0 3.8 L.E k5.0 kI 5.0 3.0
‘Alk. ppm CaCOq % 52 51 .30 50 53 63 53 58 76 58 590 sk 76 30
PH 7.4 7.6 7.8 7.2 7.8 7.4 7.95 7.5 7.6 8.3 8.2 8.3 7.2
~_B.0.D._prm 1.9 _2.85_1.5_ _Uunsatl.8 1.5 0.76 3.2 1,3 2.6 1.7 _1y.1 1.9 _3.2_. 0.76
Total - Total 10k . 1&7 190 1820 281 ( 201 ) 205 ) 1029 172. 281 10k
Solids - Volatile 86 o 22 73 7 ) 47 ) 62 ( 430 72 o 22
ppm -+ Fixed 18 7 168 109 ( 154 ¢ 143 ) 599 100 168 7
Suspended- Total "% 31 83 2 50 3 ) Lh () 76 ( 320 " 46 83 2
Solids - Volatile 2 51 o] o 10 ( 12 M 15 ) 131 19 51 0
prm - Fixed . 29 32 2 .9 2k ) 32 () 61 ( 189 27 61 2
Sulfetes (SO) ppm) ~.-= 5 49 29 37 - 48 ' L3 T} 41 4y 41 28 Le2 L2 sS4 28
Chlorides (Cl ppm) , 10 .12 12 12 16 12 13 13 1L 1k 15 3 13 16 . 10
Turbidity (Si02 ppm) | 15 25 15 25 1 16 A7 1T 36 29 209 21 36 1k
2olor K-S Reedings #54 Filter . 8 -8 10 6 o -6 10 8 7 69 ° 8 10 6
N3 Nitrogen ppm 0.35 0.3 0.45 0.17 0.168 0.7 0.168 0.336 0.56 0.56 3.76 0.38 0.7 0.168
NO5> Nitrogen ppm - : 0.02 0.02 0.03 0.07 0.03 0.0k 0.0k 0.01% 0.035 0.062 0.361 0.036 0.07 0©.01h4
NO3 Nitrogen ppm 0.7 0.6 1,02 0.6 0.364 0.448 0.432 0.4 0.40 0.32 5.28 0.53 1.02 0.32
C.0.D. ppm & o - - o _ 8 . 8 L 8 C
Tempereture .C i..- -29° 30 29° 30° 26> 27° 27° 28° 26° . 30°  26°
Time (O to 2300) - - 12:40 13:00 13:30 13:45 13:00 14:50 12:55 12:30 13:55 10:45 11:00
MPN ColifornxPer/Ibo ‘cc ‘4600 360 2100 230 140 43> 210 36 36 3888 510 9082 " 825 4600 30
Observations (L) (@) (3) (&) (5) (6) (1) (8) (9)¢ (10) (1)

(1), (2) (3) (43, (5). ("\ (11) No scum, sludge, bark, trash or >11 noted - water looked clear
(6) Scum noted butween, Station 17 end 18 - Station 18 erea clear
(8) t Water very rough et Station 18 area
" (5) Water covered with.green scum - no trash, sludge or bark noted
glo) ' - ’ Trash, scum noted between Stations 17 end 18 and at Stetion 18



RESULTS OF LABORATORY ANALYSES

(9)

Area about helfway between Stations 18- 19 covered with green scum,

.. ‘.: -

:,.gs%

LOWER JAMES RIVER POLLUTION STUDY T4ABL., 21
August 6-Septsmber 6, 1951 Poge 42 .
. STATION 19 .
Dete 8-10 8-15 B-20 B-21 8-22 B-27 B8-28 2-29 9-k 9-5 0-6 Total Avg. High Lov
D.0. ppm L8 L6 L8 3.6 3. 5.6 5.0 5.& 5.5 LI &5 51,5 k.7 -5.6 3.b
£k, ppm CaCo3 8 52 S50 52 4 s4 62 55 5T 716 55 60T 55 76 L6
pH 7 7.7 7.6 T.% 7.4 7.3 7.8 T.45 7.7 8.2 8.0 8.2 17.35
— _B.0.D. ppm _ . _.__:, 2.0..24 1.5 _1.0 .16 1,51 1.1 __0.72_0.9__0.7.__0,7__1%.2_ 1.3 _2.4__0.7____
Total - Total 168 191 165 330 ( 287 )( 210 ) 1182 237 330 165
Solids - Volatile T 51 110 79 () 89 ( %00 80 110 51
prm - Fixed 120 11k 220 ( 208 M 121 )y 782 157 220 11b
Suspended- Total €2 49 20 66 32 .3 25 () b7 ( 301 43 66 20
Solids - Volatile 37 49 1 L9 9 11 )( 7 ) 163 23 49 1.
tpm - Fixed 25 0 19 1T 23 ) 14 O Lo ( 138 20 L4 a
Sulfates (S0 ppm) 42 39 34 b o - 33 35 29 Ly 39 23 408 37 Ly 23
Chlorides (C1 ppm) 10 12 13 13 20 13 18 18 37 15 16 185 17 37 10
Furbidity (Si0p ppm) ' 16 15 22 - 21 1k s - 4 21 13 22 153 15 22 L
Color K-8 Readings #54 Filter 10 6 8 6 L 5 7 7 5 58 - 6.5 10 [
NH; Nitrogen ppm 0.55 0.35 0.45 0.17 0.168 0.5 o 168 0.336 0.56 0.504 3.76 0.38 0.56 .0.168
NO5 Nitrogen prm 0.02 0.01 0.02 0.02 0.02 0.03 0.03 0.012 0.01k 0.021 0.197 ©:0.02 0.03~ 0.01
NO Nitrogen ppm 0.6 0.4 0.8 0.6 0.40 0.384 0.368 0.32 0.368 0.288 4.53 0.45 0.8 0.288
C.0.D. ppm 25 16¢: 16_ 16 24 o7 19 25 16
Tbmperature °c 29° 30° 30° 30° 29.5° 25.5° 27° 27° 28° 26° 309 26°
Time (O to 2300) 13:10 13:35 14:10 1%:30 13:35 15:35 13:30 13:15 1k:40 11:10 11:20
MPN Coliform Per/100 cc 11000 25000 360 L4600 1h0 930 73 91 36 230 1430 L1%1890 3810 11000 36
- Observations (1) (2 (3) &) (30 (6) (1) (8) (9 (w0) (11)
(l),(a);(3),(‘*);(5)»((0:(7): '
- . (10),(11) No trash, sludge, scum, bark or oil noted - area clear.
(8) Water very rough at Station 19 area

~ Station 19 area clear



RESULTS OF LABORATORY ANALYSES

LOWER JAMES RIVER POLLUTION STUDY . TuBLa 22
August 6-September 6, 1951 = - Puro 43
"2 STATION 20 ' . STATION 21

B-10 B-15 B-20 05 9-6  Total Avg. B-10 B-15 B-20

(1)-(2) .
(3),(4) =nd (5)

' No comment

Water had brackish eappearance

Date 9-5  9-6  Total Avg.
D.0. ppm } ) 5.2 L8 5.0 5k 52 256 5.1 6.3 6.8 T.6 6.6 6.2 33.5 6.7
Alk. ppm CaCO3 50 50 52 152 50 L6 17 50 10 46
pH 7.4 7.8 7.8 7.4 7.8 7.8 7.8 7.4
B.0.D, prm . 1% 2.3 10 _0.8 0.8 6.8 1.4 1.4 21 0.y 1.2 0.9 6.5 1.3
Totel - Total 1437 1k97 132 Lboh k1T 168 36 7838 T T 1067 355 T T T
Solids - - Volatile Lk 83 4 131 L5 61 59 100 220 T3
Ppm - Fixed 99 66 128 - 293 98 107 302 438 87 282
Suapended - Total 23 28 45 96 32 12 6l 8 - BY 28
Solids - Volatile 5 0 1 6 2 ) 60 2 71 23
Pro - Fixed - - 18 28 Ly Q0 30 3 L 6 13 L
Sulfates (SO, ppm) o k1 29 119 36 39 47 k2 128 43
Cixloridss (Clppm) 10 13 27 , 50 16 1k 66 257 337 112
Turbidity (S1S02 ppm) . 12 22 - 34 17 15 10 ' - 25 13
Color K-S Readings 45& ”ilter 5 ' 5 5 Y 4 L
Ky Nitrogen ppm 0.4 0.3 Q.7 0.35 0.4 0.35 - 0.75 0.37 -
no Nitrogsn ppm 0.02 0.01 - 0.3 0.015 : 0.02 ©0.008 0.028 0.014
8 Nitrogen ppm 0.0k 0.3 0.7 0.35 0.16 0.1 0.26 0.13
D. ppm ‘
Lemperuuure o¢ 29°  29.5° 30° 300 299 20° 30° :-30° - 300  29°
Tie (0 to 2300) 13:30 14:00 14:45 , 14:10 14:30.15:30
IMPN Coliforms Per/100 cc L600 360 L4600 36 © 953 2400 4600 910 110 T3 5693 1420
Cbservetions 1y (2 3y (¥) (5) Q) (2 (3) (%) (5



TABLE 23

" RESULTS OF LABORATORY ANALYSES
LOWER JAMES RIVER POLLUTION STUDY

Dissolved Oxygen Data
jugust 6-September 6, 1951

-~

D.0. Temp. Time  Date  Station D.O, Temp. Time Date
PPM %,  0-2300 1951 c. 0-2300 1951
6.3 12:00 B8-17 0.2 11517 8-16
Tk 12:08 8-17 4.9 11:20 8-16
5.9 12:15 8-17 6.5 11:25 8-16
6.3 12:25 8-17 T.b 11:30 8-16
6.2 12:32  8-17 6.6 11:35 8-16
6.4 12:40 8-17 7.8 11:40 - 8-16
7.1 12:45 8-17 R.8 11:45 8-16
6.6 12:50 8-17 vt 11:50 8-16
5.8 12:55 8-17 9.k 11:55 8-16
5.9 13:00 8-17 8.9 12:00 8-16
9.k 13:05 8-17 9.2 12:15 8-16
10.3 13:10 8-17 8.6 12:30 8-16
1.6 13:15 8-17 9.2 12:45 8-16
0 37 13:20° 8-17 8.2 1h4:15 8-17
2.4 39 13:25 8-17 7.5 14:30 8-17
3.3 Lo 13:30 8-17 31 12:45 ~ 8-16
2.5 39 13:35 8-17 - 32.5 13:30 8-16
0 37 13:40 8-17 32 - 13:40 8-16
8.2 31 13:45 8-17 33 13:10 8-16
4.8 30 13:50 8-17 12:00 - 8-16
8.0 8:30 8-16 30 12:30 - 8-16
7.6 8:37 8-16 7.0 1h:45 8-17
7.6 8:45 8-16 6.0 - 9:05 8-24
6.9 8:55 8-16 S 9:15 8-2h
T.b 9:05 8-16 4.6 28 9:25 . 8-2k
7.4 9:15 8-16" 52.7 9:35 © 8-24
6.9 9:25  8-16 . s 20,3 9:45 . 8-2h
8.3 9:35 . G-16 "¢ 67.£06.k - 27 9:55 . 8-2b
8.1 9:45: 8-16% - BT - TR = "10:05 ; 8-2h
8.7 9:55! 8-16 S Y3 "10:15 8-2k
8.1 10:05° 8-16 3.4 10:25 8-2h
6.9 10:15 8-16 3.8 10:35 8-2h
6.3 10:25 €-16 5.6 10:45 8-24
6.3 10:35 8-16 3.7 11:05 3-2k
6.9 10:45 8-16 5.3 11:15 8-24
6.5 10:52 8-16 8.2 11:25 8-2k
6.3 11:00 8-16 5.8 11:35 8-24
0.3 11:05 8-16 3.8 28 11:45 8-24
0 11:09 8-16 4,2 11:55 8-2%
0.2 11:13  8-16 6.1 12:05 8-24
' » 2.8 28 12:15 8-24
3-9 12:25 8*2’4-
1.k 12:35 8-24
5.1 12:45 8-2k-
0 13:00 8-2L
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WRSULTS OF L-E )% oY aNALYSES

LOWER JAMES RIViR FOLLUTION STUDY UADIE 24
Miscellanoons Samples Fego 42
August 6-September 6, 1951
Between Between Between Sub
Eppes ~ppes Packs Raileys Bailer's above {images Channel
Creek -'reck & Pt. Crcek Creek & Back of Kimeges Creek & Tar Sub
D.0 Pecks D.0. D.O. Jordans Jordens Creek Cogeins Cogglns Bay Channel
Sta. Pt, D.0. Ste. Sta, Pt. D.0 Pt. D.C. D.O. Pt. D.0. Ft. D.O. D.O. Tur Bey
v 60 Sta. 61 56 59 Sta. 57 3ta. 58 Sta. 64 Ste. 67 Sta, 70 Sta. 'D.0. Sta.
8-1¢ 8-16 8-16 8-16 8-16 8-24  8-24 B-24 8-24 77 80
D.0. pom 3.6 G.I 3.k 3.8 2.5
Alk. pm CaCOg 46 L6 47 107 &3 66 51 53 50 70 56
tH 7.55 T.% 8.0 7.55 7.55 7.45 7.6 7.45 7.4 7.4 7.4
B.0.D. ppm 4.2 5.0 8.6 31 23 6.4 2.8 2.5 1.9 9.9 6.3
Total -Total 276 212 342 €13 175 205 173 115 119 347 123
solids -Volatils §9 88 112 200 26 61 42 86 5L T 51 53
ppa -Fixed 177 12k 230 313 15) 1L 131 29 68 296 140
 Suspended -Total 63 ok 13, 11k 22 38 b7 154 5 2k 33
Snlids -Volatile 19 23 31 10 22 27 7 121 1k 13 9
prm -Fixed Ly 71 103 Th 0 11 Lo 33 21 11 2k
Sulfates (SOy) ppm sk 68 82 Th 36 €1 L0 37 L2 L8 L2
Chlorides (Cl prm) 13 1L 1k 56 38 20 12 12 1k .20 13
Turbidity (SiSO2 ppm) 45 ks 63 50 19 20 26 16 10 T 22 16
Coler-K+S Readings #54
Filter ~ 13 13 13 120 15
NH3 Nitrogen 0.6 0.55 0.3 0.8 0.3 0.8 B
NOp Witrogen ™ - - - 0.05 0.036 0.012 0.003 0.12 0.16
NO- N-trcgen .. 0.1 0.06 0.02 0.3 0.2 0.06
C.0.D. rrm e : ol ‘:
Temperature °C : 30 31 33 32.5 32 28 27 .- 28 28
. Time (0 to 2300) 12:00 12:30 12:45 13:10 13:30 13:%0 9:05 9:45 10:02 11:56 12:20



' COMNDUCTIVITY DATA
LOWER JAMES RIVER POLLUTION STUDY 'TALLE 25
August 6-September 6, 1951 aeo 46

Line # 1
RESISTANCE -OHMS

Line ,:;.’ 2 '
RESISTANCE -OHMS
TIME (2:35-3:15 P.M.).8-6-51

TIME(1:15-2:00 P:M,) 8-6-51.

STATIONS 1 2 3 i 5 6 1 2 3 n 5
DEPTH(Feet) _

0 35,000 33,000 33,000  3%,0000 35,500  3%,000 £2,000 11,000 41,000 11,000 0,000
L 34,000 ~ 33,000 33,000 34,000 35,500 34,000 41,000 40,000  %1,000 41,000 40,000
2 34,000 35,500 41,000 40,000 41,000 41,000 40,000
3 34,000 35,500 41,000 41,000 40,000
i 34,000 35,000 41,000 41,000

5 34,500 35,000 51,000

6 35,000 35,000 41,000

7 35,000 41,000

& ' 35,000 41,000

(ee fizure 2 for location of 1ihes)

v samer cmie b0 0

Ty

~

- . erime.”
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CONDUCTIVITY LATA

TABIE 256

LOWER JAMES RIVER POLLUTION STUDY
Avgust 6-September 6, 1951 Tage A7
Line , 3 Line # k4 Line ¢ 5
RESISTANCE - OHMS RESISTANCE - OHMS RESISTANCE - OHMS
TIME (3:20-3:55 P.M.) 8-6-51 TIME (3:55-k:05 P.#.)8-6-51 TIME (L:10 P.M4.)8-6-51
STATIONS 1 2 3 1l 2 3 1
DEPTH(feet) :
0 10,500 + 11,000 10,000 40,009 10,000 39,500 50,000
1 40,500 41,000 40,000 40,000 10,000 . 39,000 40,000
2 40,500 : 10,000 40,000 40,000 . 39,000 40,000
3 40,500 ~ 40,000 40,000 40,000 39,000 40,000
L 40,500 © 40,000 40,000 39,500 39,000
5 ,
6 etc. '
L0
41
42 v

{3ee figurc 2 for

location of lines)
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CONDUCTIVITY DATA

LOWER JAMES RIVER OLLUTION STUDY TADIn. 27
August 6-Septeuber 6, 1951 Poro A8
Line # 6 Line #6 Line #’

RESL3TANCE -08S
TIHE(10-10: 30A.1M.3-8-51)

RAESISTANCE ~-OHMS {ESISTATCE -OHMS

TI+E (1:00-1:50 P.M., 8-7-51) TIME(2:00-3:00 P.M. 8-7-51)
i 6

STATIONS > i 3 4 5 6 b 5 6 1 2 3 & 5
DEPTH(Feet)
0 12,800 12,800 12,200 12,100 10,700 7,450 10,900 7,000 8,600 12,400 11,900 10,500 11,500 10,600 k&,000
1 12,200 12,%00' 12,400 11,400 10,500 7,500 10,900 7,200 8,700 12,000 11,500 11,300 11,400 10,600 3,400
2 13,000 12,400 10,900 10,800 7,400 10,900 7,200 12,400 12,000 11,200 11,400 10,500
3 12,200 12,400 11,800 11,000 10,800 7,700 12,400 11,900 11,500 11,200 10,000
I 13,000 12,200 11,500 11,100 10,900 7,800 11,500 12,400
5 13,400 12,400 11,600 11,100 10,800 7,800 11,600 12,100 1'Under
6 12,600 12,400 13,000 11,600 11,000 7,400 12,000 8-8-51
7 13,300 12,300 12,400 11,800 . 10,800 9,000 12,800 9,200
8 12,800 12,000 12,800 12,000 10,300 9,000 11,500
9 13,300 11,600 12,200 12,200 10,800 9,300 11,900
10 13,200 12,000 12,200 12,100 11,100 9,400 12,200
11 13,000 12,400 12,000 10,700 9,400 12,200
12 13,400 13,000 12,000 . 10,500 9,400 12,400
13 : 12,750 12,100 10,600 9,000 : . 12,300
1k : . 12,400 11,900 10,800 12,300
15 12,100 11,900 10,7C0 12,400
16 12,400 12,000 10,800 12,200
1 12,100 12,100 10,600 12,200
16 12,300 12,000 10,800 . 52,200
19 _ 12,900 12,300 10,800 . e 12,000
20 12,100 12,800 10,800 12,200
21 12,200 12,800 10,800 12,200
22 S 12,000 12,900 ._ . 10,800 12,200
23 SRRA 12,200 12,700 10,9C0 12,200
24 R 12,100 ' e 11,300 12,500
25 L. e - 12,000 ) 11,000 12,800
26 ' 2,400 11,300 12,600
o7 o iL,900 . 10,800 12,600
28 .- C 11,000 12,200
29 +1,000 i2. 800
30 - S 10,300 12, %00
31 T 0,800 .

32 10,000 ot 7 el loention of lines)
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CONDUCTIVITY DATA TADLE 28
LOWER JAMES RIVER POLLUTION STUDY Page 49
August 6-September 6, 1951
Line j O3 : Line # 9 Line # 10
RESISTAINCE - OHMS RESISTANCE - OHMS - RESISTANCE -~ OIS
TIME (3:10-4:00 P.M.) 8-7-51 TIME(4:10-5:00 P.M.) 8-7-51 TIME(8:10-8: 40PN )8-8-51.
STATIONS 1 2 3 vy L 1 2 3 L 1 2
DEPTH(Feet)
L 000 6,000 11,200 8,100  8,L00 11,000 15’988 12,000 13,000  §,950 9,600
4,900 6,000 . 11,200 8,100 8,200 11,000 (8_3f 1) 12,000 12,400 9,900 9,700
4,000 5,800 11,200 8,100 11,000 11,730 12,100 12,200 9,500 9,800
. 4,900 6,000 11,200 11,000 12,200 12,100 9,900 9,800
12,000 11,000 11,800 : 9,900 9,800
11,100 : 9,800
11,200 12,300 . 9,600
11,200 ' 9,600-
11,300 11,600 9,800
| ~ 11,300 . ' A 9,990
10 : 11,200 11,800 A 9,300
11 : 10,300 ‘ 9,800
10 10,200 12,000 9,600
13 10,000 9,600
14 10,200 12,050 , 9,700
15 10,000 : , 9,7C0
16 10,000 11,800 9,600
17 ' . 10,000 ,800
18 9,000 11,800 ' 9,800
19 9,000 'V 9,800
20 10,000 11,800 - 9,600
21 10,000 . 9,600
22 : 3,800 11,900 . 5,600
.23. 3,300 _ 9,600
2l _ 3,500 11,900 . 9,800
25 - : . 3,600 9,500
26 ) ' oo 3,600 12,500 ‘ _ 9,700
27 . ‘ _ e 3,600 9,500
28 T : _ o - 3,200 11,500 L : $,500 -
29 . oy a 3,600 ,
30 etec. ' : 12,000
36 - . . . . : ) ‘g',

39 ' 7 (see £i;wre 2 for loeation off lines)
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" STATIONS I 2 3 1 2 3 k 5 6 i

DEPTH(Feet)

0 9,900 8,500 3,800 3,900 ¢+ 7,400 2,600 10,000 10,300 10,200 10,900
1 9,600 8,600 5,400 9,800 10,000 10,300 10,400 10,800
2 9,000 9,400 T 10,000 10,000 10,800 10,300 10,900 -
3 3,900 5,800 5,800 710,600
k 9,400 10,000

5 2,500 10,000

6 10,000

7 10,000

8 i - 10,000

9 9,900

10 10,000

11 7,900

12 10, 000

13 9,900

i 4,900

15 10,000

16 10,000

17 10,000

18 9,800

19 2,700

20 9,900

21 10,000

22 9,900

23 10,000

24 4,800

25 10,000

26 . 16,000

27 - 5,600

28 ... - 10,000

CONDUCTIVITY DATA

LOWER JAMES RIVER] POLLUTION STUDY
Aupust 6-September 6, 1951

TADLE 2¢
Pare 50

Line # 11
FESISTANCE - OHMS
TIME (8:50-9:10 A.M.) 8-8-51

Line 4 12
RESISTANCE -~ OHMS
TIME (9:15-9:40 A.M.) 8-8-51

(B¢ - fiwer 2 Tor o Ttier o Une:s)
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CONDUCTIVITY DATA TABIE 30
LOWER JAMES RIVER POLLUTION STUDY Para 51
Resistanze - Ohms
STATIONS 10 11 12 13 14 15 16 i6 17 18 19 20 21
DATE 8-21-51 8-20-51 8-21-51 8-21-51 8-21-51 8-21-51 §-20-51 8-21-51 8-20-51 8-20-51 8-20-51 8-20-51 8-20-51
TTVE ) 10:30AM 6:10 Fi 10:130AM 10:50AM 11:15AM 11:00FM 12:00N 11:10AM 12:LSPM 1:30PM 2:10P4 2:45PM 3:30PM
DEPTH(Ft
0 9,800 8,800 9,200 9,000 4,200 8,k00 T,%00 7,800 8,200 8,300 8,500 7,000 2,115
2,500
2 9,600 8,700 9,200 9,000 Lk,600 8,400 7,500 7,800 " 8,300 8,700 7,200 1,900
2,200
4 9,600 8,700 9,200 9,000 5,100 8,500 7,500 7,800 8,400 8,600 17,300 2,000
1,750
6 9,700 8,700 = 9,200 9,000 5,400 8,600 7,:00 17,800 38,400 8,400 7,400 1,775
' - 2,000
8 9,800 8,k00 9,000 9,000 6,000 8,600 7,400 7,700 8,400 8,400 = 7,500 1,800
_ , 1,600
10 - 10,000 8,k00 9,000 9,000 6,900 8,500 7,400 7,600 8,200 8,400 8,400 7,600 1,650
i : : 1,800
12 .. 10,000 8,400 9,000 9,000 6,900 8,500 7,400 7,500 - 8,k00 8,300 7,600 1:725
, - : ' 1,550
% - 103000 8,400 9,000 9,000 6,900 8,500 7,400 7,300 8,300 8,300 7,700 1,225
v . . . 1,700
16 - - 9,800 8,400 9,000 9,000 8,000 8,500 7,400 7,400 - 8,500 8,300 7,700 1:525
‘ : . 1,700
18 . 9,500 8,400 9,000 8,800 7,900 8,400 7,400 7,400 8,200 8,500 7,700 1,?25
. _ 1,72
20 9,400 ‘s,hoo 9,000 8,800 7,800 8,400 7,400 7,300 8,200 8,400 17,800 l,gsg
. 1,52
2 - 9,k00 8,400 9,000 9,000 7,400 8,400 7,400 7,400 8,200 8,300 7,800 1,253
: : : 1,550
2h 8,800 8,500 9,000 9,000 7,200 8,400 7,200 7,h00 8,500 8,300 7,700 1,750
. . . C A 1,550
26 | . 8,400 9,100 8,900 8,k00 17,500 7,500 .- 8,k00 8,300 7,700 1,550
. e 1,750
28 o 6,400 9,000 8,800 8,400 7,500 7,500 8,400 8,400 17,800 1:525'
_ ’ . 1,750
30 L 8,k00 9,300 ° 8,800 7,500 7,200 8,400 8,390 7,800 - 1:550
32 80 v v 7,506 ¥ v 7,000 {5

v. .
(Seu £igure 2 for location of linon)
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RESULTS OF LABORATORY ANALYSES
THE SOLVAY PROCESS DIVISION, HOPEWELL, VA.
2L-HR COMPOSITE SAMPLES OF JAMES RIVER WATER INTAKE (1)

Date 8-15 8-20 8-21 8-22 8-27 8-28 8-29 .9-L4 9.5 9-6 Total Avg. High Low
'D.O. ppm spot samples

. (a) - 4.1 3.8 h.1 3.b h.5 5.5 L. b 4.8 3.7 38.3 4,3 5.5 3.4
Alk, (M.O.) ppm

CaCo 52 52 kg 54 52 56 60 - 58 57 53 543 S5k 60 L9

pi 3 7.6 8.2 81 7.9 7.3 7.3 8.0 6.8 6.6 1.5 8.2 6.6
B.0.D. ppm - - - - - - - - - - - - - -
Total - Totsl 204 191 180 184 206 235 212 208 196 206 2022 202 235 180
Solids - Volatile - 56 - - - - - - - -
ppm - Fixed - 135 - - - - - - - -
Suspended - Total 55 L6 42 b2 31 30 32 33 32 33 376 38 55 30
Solids - Volatile - 13 - - - - - - - - .
ppa - Fixed - 33 - - - - - - - -
FH3 Nitrogen ppm - 0.28 0.1 - Trace 0.8 - 0.1 l.2° - 2.48 0.41 1.2 Trace
NG, Nitrogen ppm - - - - - - - - - - - - - -
NO; Nitrogen ppm - 2.0 0.1 - 1.0 . 1.5 - 0.3 0.2 - 5.10 0.8 2.0 0.2
C.0.D., pp - - - - - - - - - - - - _ R
Temperature g) - 29 29 29 26 25 25  271.5 27 26.5 29 25
Flow - M Gals. per -
day 197316 192552 195198 194148 191856 193164k 191k06 196626 199308 193758 1945332 194533 199308 191406

(1) 24 hour (8 A.M.) composite samples except: (a) D.0O. analyses.
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Pege 53 TABLE 32
RESULTS OF LABORATORY ANALYSES
THE SOLVAY PROCESS DIVISION, HOPEWELL, VA.
(b) 24 -BR CCMPOSITE SAMPLES OF POYTHRESS RUN EFFLUENT (1)

Date 8-15- 8-20 8-21 B8-22 B8-27 B8-28 8-29 9-4 9.5 9.6  Total Avg. High Low
D.O. m) spot
samplzz 2a)P - 6.3 6,3 6.4 6.3 6.1 6.7 64 6.5 6.2 57.2 - 6.4 6.7 6.
Alko MoO.) m W .
CaCO3( 60 51 k7 53 43 52 €L sh 60 65 546 55 65 L3
pH 8.1 7.9 7.7 1.5 7.1 7.3 7.7 7.0 7.6 7.7 - - 8.1 .. 1.0
B.0.D. ppa - - - - - - - - - = - - - -
Total - Total 3%9 - 267 24 . .271 302 317 297 © 322 292 284 2945 295 349 2k
Solids - Volatile - 93 - - - - - - - - -
ppn - Fixed - 17k - - - - - - - .
Suspended - Totsl : . L : ; )3 R . . . :

129 45 Ll 50 52 41 Lo 36 33 36 506 51 129 33
Solids - Volatile - 12 - - - - - - o= - -
ppm ~ Fixed - 32 - - - - - - - -
NH, Nitrogen pom - 4.3 b7 - 3.4 3.5 - 4.3 2.6 - 22.8° 3.8 L7 2.6
NO, Nitrogen ppm -~ - - - - - - - - - - - - ~
NO3 Nitrogen ppm - 4.8 6.8 - L.o 8.5 - 8.5 5.5 - 38.1 6.k 8.5 4.0
Temperature ©C) - 33.5 33 33. 5 31 29. 5 30 32 32 31 33.5 29.5

Flow - M Gals.

per Day 25632 23136 23040 23136 23136 23808

(1) 24 hour (8 A.M. to 8 A.M.) compos:.‘t;e sarmples except: (a) D. 0. analyses

(v) Aug. 15 = 7 hour composite - storm dislocated sampling
Sample pipe Plugged with silt.

equipment.

232k 24096 24096 2&192 237696 23770 25632 23040
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Flow - M Gals.
per Day

(1) 24 hour (8 A.M. to 8 A.M.) composite samples except: (a) D.0. analyses. .
(v) Aug. 28 - Duration of composite questionable.

(€¢) Aug. 29 - 7 hour composite.

Page 54 TABLE 33
RESULTS OF LABORATORY ANALYSES
THE SOLVAY PROCESS DIVISION, HOPEWELL, VA.
ok HR COMPOSITE SAMPLES OF-GRAVALLY RUN EFFLUENT (1)
Date 8-15 8-20 8-21 8-22 8-27 8-28b &ra9c 9-U4 9-5 9-6 Total Avg. High Low
D.0O. ppm) spot
sarples (2) - 6.0 5.9 59 6.1 6.3 6.1 6.2 6.1 5.9 545 6.1 - 6.3 5.9
Alk. (M.0.) ppm :
CaCO3 56 73 64 65 0 2 29 - 63 67 64 483 L8 73 0
pH 7.9 8.3 7.9 7.7 Lhs 5.0 7.4 7.15 8.0 7.7 8.3 L5
B.0.D.ppm - - - - - - - - - - - - - -
Total -~ Total 287 239 224 ach 389 479 338 263 o7 2h1 2951 295 479 ool
Solids - Volatile 76 -- - - - - - - -
ppm - Fixed - 163 - - - - - - - -
~_Suspended -Total92 58 53 58 51 193 52 %0 39 39 675 68 193 39
Solids-Volatile - 15 - - - - - - - - _
" ppm - Fixed - 32 - - - - - - - -
I3 Nitrogen ppm- 3.2 5.2 - 2.8 L.6 - 5.2 2.8 - 23.8 4,0 5.2 2.8
NO, Nitrogen ppm- S - - - - - - - - - - - - -
- NO5 Nitrogen ppm- 3.4 2.4 - 12.5 7.5 - 1. 2.2 - 29,4 k.9 12,5 1.k
- C.0.D. ppm - - - - - - - - - - - _ _ _
Temperature °C) - 37 37 37 34 33 k.5 36 36.5 35.5 37 33

17168k 169416 172158 171012 168720 169356 167932 172530 175212 169566 170736 170764 175212 167982
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TABLE 34
RESULTS CF LABORATORY ANALYSES
CELANESE CORPCRATICN OF MTRICA
24 EOUR CCMPOSITE SAMPLES CF PLANT WASTES

DPete . 8-20 B8-21 8-22 E8-27 8-28 8-29 9-5%#+ 9-6 9-7 Total Avg. High Low
D.0, ppm 3.8 4.8 s5.7 3.7 2.2 5.1 4.2 2.5 k.9 36.9 4.1 5.7 2.2
Alk. ppm CeCOg % 7+ 7% 80 56 114 78 8 1T 7127 8L 1k 56
o 78 7.7 7.8 7.8 1.7 7.9 1.8 7.5 7.8 69.8 7.8 7.9 1T.5
B.0.D. prm 229 128 162 132 204 16 172 122 228 1523 169 229 122
Total - Total 670 560 520 512 848 590 k437 L2 538 5177 575 848 k37
Solids - Volatile 375 325 340 320 470 30 282 260 4ok 3116 3k6 470 260
-prm - Fixed "265 235 180 192 378 250 155 182 1% 2061 229 378 155
Suspended - Total 50 55 S50 45 47 55 49 52 37 4% L9 5 37
Solids - Volatile ko 55 40 ks 37 45 46 Ly 37 398 Ly 55 37
TR - Fixed 1l 0 10 0 10 10 3 8 0 42 5 10 0
Sulfates (SOh ppm) - - - - - - - - - 't oa - . -
Chlorides (Cl prm) 138 125 122 A7 282 117 55 79 139 1120 124 - 282 55
Turbidity (S10, ppm) R - - - = - - - - - - 7. -
Color K-S Reading No. 5h Filter ot - - - - - - - - - - - oo -
N33 Nitrogen ppm - - - - - - - - - - - - -
ROo Nitrogen rrm - - - - - - .- - - - - - -
NO Ng¢trogen ppm - - - - - - = - - - - - -
c.3.D. rm -, 60 318 396 279 438 279 400 280 520 3550 394 640 279
Temperavure ¢. L - - - - - - - - - - - - -
Tine O to 2300 ' - - - - -7 - - - - - .- .- - -
MPN Coliform per 100 cc. ' - - . - - - - - - - -
Settleeble Solids ml/L 0.5 0.35. 0.35 o 25 0.4 1 0 11l.0 0.4 0.9 5.15 ST 1.0 o. 25
Total Flow M.G.D. .650 .7h0 .610 .805 .765 .605 65 695 .625 6.145  .683 .805 .605

# - Plant did not operate on 9-3 and 9-k.
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TABLE 35
RESULTS OF LABORATORY ANALYSES
CONTINENTAL CAN CO., INC.
2k-HOUR CCMPOSITE SAMPLES OF MAIN MILL EFFLUENT

T 8-19° '‘8-20- 8-21 8-26 8-27 8 28 9- 9-4 9-5 Total ivg. BHigh Low
0. . ) “a . - = = = = = e T = - : - . -
X. ppm CaCO3 - - 350 320 350 255 340 310 310 290 . 240 2765 307 350 240
[ ‘ 9.80 9.60 9.60 9.35 9.50 10.00 9.70 9.40 9.60 86.55 9.61 10.00 9.35
'0.D. prm 250 400 360 210 350 560 260 320 220 29%0 326 560 210
0.D. (ox. consumed) 6ok 693 792 40O 590 670 490 .530. 550 5319 591 693 . 400
ytal Solids ppm 1950 2136 2096 1216 1340 1480 1870 1466 1288 14842 1649 2136 1216
1spended Solids pym 502 696 524 19k 236 292 284 212 362 3392 377 696 19l
sttleable ;0lids ppm 490 558 398 13k 126 222 204 124 318 257h 286 558 124
1llons Raw Water’ Z%&iituns+ y 10,343 10,500 10,593 10436 11000 11198 10725 10899 12280 9797k 10886 12280 10343
-MW&M -

& - - . . . oot RS N



TABLI 36

RESULTS OF LABCEATORY ANALYSES

HERCULES POWDER CCMPANY, VIRGINIA CELLULOSE PLANT
COMBINED PLANT EFFLUENT

24 -HOUR COMPOSITE SAMPLES (F

8-28

Date ; 8-19 8-20 8-21 8-22 8-26 B-Z7 8-29 9-3 9-L 9.5 0.6 Avg. High Low
D.0. prm - - - - - - - - - - - -
Alk. ppm CaC03 ~ 531 552 k36 k57 L83 S 626 579 756 667 623 531 563 756  L436
H 10.9 10.8 11.1 11.25 11,2 11.1 11,4 11.2 11.6 11.5 11.5 11.45 11.25 11.6 10.8
B.0.D., ppm 552 ,510 470. %432 480 k25 4OT 435 S508.. U437 380 478 460 552 380
Total Solids ppm - Total 2430 --2hLh3 2031 .1919 2368 2191 2359 2394 2411 2366 2377 2350 2304 2443 1919
- Volatile 1426 1317 1118 991 1298 1106 1266 1kk2 1399 1278 1200 1337 1263 1442 991
- Fixed look 1126 913 928 1070 1084 1093 952 101k 1084 1177 1023  10kO 1177 913
Suspended Bolids pm ' = _
- Total 166 288 222 221 196 198 229 166 214 279 274 211 22k 288 166
. . - Volatile 159 275 209 200 180 180 216 174 203 219 216 194 202 275 159
Lo - Fixed 7 13 13 21 16 18 13 22 12 60 57 17 22 60 7
Sulfates (SO, ppm) - - - - - - - - - - - - ‘
Chlorides (Cl, ppm) 202 226 170 }66 180 212 180 172 140 202 254 240 195 254 140
Turbldity (S1SOp ppm) ' - - - - - - - - - - -
Color K.S. Readings #5h Filter - - - - - - - - - - - -
N, Nitrogen, ppn - e .- - - - - - - - - _
N02 Nitrogen, E¥m - - :- - - - - - - - - -
Motrpgen. 35, - . - - - - -
3 D. vra 1540 1805 1388 117= 15&9 1301 1khh 1&62 1408 1295 1232 13k0 1412 1805 1175
Temrerature °c. .- - - - - - -
Time (0 to 2300) o4 H ur Continuous Sampling >
Settleable Solids cc?Liter 3.5 4.5 45 3.5 3.5 7.0 4.0 3.0 4.8 4.0 5.5 5.0 4.k 7.0 3.0
Estimated Flow Gel. x 10°/Day12.92 14.26 13.9% 14.59 11.57 13.00 15.10 15.70 14.4%0 14.10 14.95 15.30 14.16 15.70 11.57

semer el

Cm— e el : I

e e e o e e,
. . e -
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TABLE 37
RESULTS OF LABORATORY ANALYSES

HERCULES POVWDER CCMPANY, CELLULOSE PRODUCTS PLANT
2L4-HOUR COMPOSITE SAMPLING OF CCMBINED PLANT EFFLUENT

Date 8-19 8-20 8-21 8-26 8-27 8-28 9-3 9-L 9.5 Avg. High Low
D.0., P . - - - - - - - - - . , .
Alk,’pﬁm CaCog T } L8o -210% 528 818 sk2 1177 201t 205 Lo2 460 1177 -210 ¢
o * : 11.6 3.8 . 11.8 12.4 11.9 12.2 10.3 10.6 11.5 10.65 12.4 3.8
3,0.D., ppm 580 727 630 820 550 Lk5 377 377 380 543 820 377 ..,
Totael Solids, ppm - Total 5237 4863 5293 4865 k201 5657 3657 3980 3523 -0 L4586 5657 3523 °°
- Volatile 1811 590 1192 858 536 769 1773 90k 5707 1000 1773 536
- Fixed 3426 4273 L4101 LoO7 3665 4838 188k 3076 2953 3585 LB68 1854
Suspended Solids, ppm - Total 66 62 188 19 81 195 80 97 157 119 195 62
_ - Volatile b 56 101 T1 k9 83 5T 70 68 67 101 49
~ Fixed 17 6 87 78 32 112 23 27 89 52 112 6
Sulfates (SO Iy s ‘ppm) - - - - - - - - '
Chlorides.(Cl, ppm) 2025 2370 2225 1730 1840 2360 1810 1920 1530 1979 2370 1530
Turbidity (S1S0p, Ppm ) . - - - - - - - - -
Color K-S RPadings #54% Filter | - - - - - - - - -
NH, Nitrogen, ppm . - - - - - - - - -
NO Nitrogen, ppm - - - - - - - - -
Nitrogen, ppm - - - - - - - - -
0.3.0. , ppm 889 1289 1124 1262 9K6 1285 852 855 752 1028 1289 752
Temperature c. - - - - - )
Time (o to 2300) . 21& Eour Continuous Sampling p ‘
b olid tgr 1. 0 2.0 . 2. . . " 8. .
oot rror oa k- 10oey 5700 3:98 %8 885 5.3 82 B2 3% P18 8A BB %5

- ———— =

*Acidity to. phenolphthalein. R

ot
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TABLE 38 -
DAILY AVERAGE STREAM FLCWS, CFS
LOWER JAMES RIVER POLLUTION STUDY

Aug. 6-Sept. 6, 1951

James River Falling Creek Appomatiox Chickahominy
Date James River end Kanewha near Drewrys EKiver near River near
Near Richmond Canal noer Bluff Petoersburg Providence
Richmond "Forge
Avg. 1 2350 957 - L
2 2250 957 ‘
3. 1980 936. -
i 1900 936 i)
5 1950 915 : Ve
6 1390 915 3.3 284 34
T 2380 957 . 5.3 318 461
8 1820 936 5.8 357 62
9 1920 936 5.6 385 70
10 1980 936 5.6 462 60
11 2050 936 5.1 339 119
12 2500 957 5.6 8ko 124
13 2250 . 936 16 764 200
1k 1640 906(1) 13 752 182
15 1480 900(1) - 7.6 440 178
16 1320 900(1) 6.3 479 215
17 1450 900(1) 5.1 L7335 205
18 1570 900(1) ) 276! 124
19 1730 900(1) 3.5 615 56
20 1300 900(1) 3.3 462 4
el 880 900(1) 2.8 335 35
22 . 901 - 900({1.) 2.2 268 31
23 1050 900(1) 2.1 235 27
24 880 873 2.0 215 26
25 712 852 1.8 206 24
26 712 852 1.7 197 22
27 670 852 1.7 91 22
28 T12 852 5.6 263 3h
29 838 873 7.9 457 56
30 1200 894 5.0 54l 60
- 31 1200 89k L7 435 50
Sept. 1 1030 873 3.8 326 33
2 922 873 3.3 260 28
3 12ko 89k 3.6 1010 28
k 1880 936 5.1 1430 42
5 1340 89k R 692 53
6 1320 894 L2 502 53

(1) Gauge not working; flow is estimated
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20 18 10 - 29

29 & 30 10 3h 12 49 17 (0}

© TIDAL CURRENT DATA AL 3G ¢
«LOWVER JAMES RIVER POLLUTION STUDY ERRTI e ois "
August 6-September 6, 1951
e STATION 10 STATION 11
5lack; Maxi- Flooad Veloc- BSlack; Maxi- Ebb Veloc- Slack; iaxi- Flood Veloc- Slack; Maxi-~ FEbb Veloc-
Date Flood  wum ity of Ebb wum ity of Flood  mum ity of ©TbLD mum ity of
degins Max. Begins tlax. Begins Max. Jegins Max,
Flood, . Ebb . Flood . Ebb
L _m _h m X h n h m kn h m h n kn h m h n kn
AUg. )
6 122 20 1k L8 0.8 17 21 9 00 1.2 . 12 16 L 43 0.6 17 16 21 o: 1.1
7 13 02 15 33 0.8 18 1k 9 36 1.2 12 57 15 28 ‘0.6 18 09 21 52 1.0
83 13 50 16 ok 0.9 6 35 10 19 1.2 13 45 16 1Y 0.7 19 0y 10 ° 14 1.0
9 14 46 17 25 0.9 20 22 11 10 1.2 1w w17 20 0.7 20 17 112 05 1.0
10 15 47 18 29 . . 0.9 *8 093 12 10 1.3 15 b2 16. 2k 0.7 21 33 12z 05 1.1
15 8 34 10 58 0.9 13 31 17 27T 1.8 20 45 10 53 0.7 13 26 17 22 1.5
16 9 22 11 51 1.0 14 29 18 19 1.9 21 38 11 46 0.8 b 2k 186 i 1.6
17 10 07 12 (it 1.0 15 22 19 09 1.9 22 28 12 37 0.9 15 17 19 ok 1.6
20 12 26 15 06 1.0 17 56 9 13 1.4 12 21 15 01 0.8 17T 51 21 .. 32 1.¥
21 13 17 15 55 1.0 18 48 g 58 1.3 13 12 15 50 0.8 18 43 227 25 1.1
22 14 08 16 1.6 0.8 6 55 10 4T 1.2 ik 03 16 41 0.9 19 40 107 .. 42 1.1
24 16 02 18 41 C.7. 8 09 12 36 1.1 15 57 18 36 0.6 21 k) 12° 31 1.0
27 7 10 8 57 0.3 10 59 15 28 1.1 13 & o 52 0.2 10. 5h 12 - 23 1.0
. 11 59 1 17 1.1 19 3 9 k3 0.3 11 54 1 12 1.0
8 1339 oy g.t e ! 1.2 0.3 12 4b 16 56 1.1
Szpt'll 51 1k 30 1.0 17 20 5 30 1.3 11 46 1k 25 0.9 17 15 20 53 i'é
512 3% 15 17 1.0 18 13 9 08 1.k 12 29 15 12 0.9 18 o§ 21 Tg .2
ght) to 231" (11:00 p.u.). 12" ;s moon. All hours

h o o.a
The hours of the day are numbered consecutively from O° (mi,dai A
sreater than 12 are in the alternoon (p.u.). %n means knote. .
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TINAL CURRENT DATA AL LS AC
LOWER JAMES RIVER POLLUTION STUDY g G1
Avgust. B-Sentember 6, 1951
STATION 12 STATION 13
Slack; Maxi- Flood Veloc- Slack; Maxi- Ebb Veloc- Slack; Maxi- Flood Veloc- 8lack; -Mexi+ Bhb Veloc-
Date Flood nmum ity of Ebb rmam ity of Flood mum ity of Ebb mum ity of
Begins ) Max, Begins Max. Begins Max. Begins Maxwe
- __..Flocd Ebb e FloOd L. L._Epb__
h m h m kn h m h m kn h m h m Xn h m h m kn
Aug.
6g 12 06 14 3 0.8 17 06 8 Ly 1.3 12 02 14 29 0.7 17 02 8 L1 1.2
7 12 47 15 18 0.8 17 59 9 21 1.3 12 Ly 15 1k 0.7 17 55 9 17 1.2
8 1335 16 09 0.9 620 10 ok 1.3 13 31 16 05 0.8 6 16 10 00 1.2
9 1% 31 17 10 0.9 20 07 10 55 1.3 127 17 06 0.3 20 0 10 51 1.2
10 15 32 18 14 0.9 748 11 55 1.4 15 23 18 10 0.8~ 7 4% 11 51 1.3
15 819 10 43 0.9 1316 17 12 1.9 815 10 39 0.8 13 i2 17 08 1.7
16 9 07 11 36 1.0 1k 14 18 ok 2.0 9 03 11 32 0.9 14 10 18 co 1.8
17 952 12 27 1.1 15 07 18 sk 2.0 9 48 12 23 1.0 15 03 18 50 1.8
20 12 11 14 51 1.0 17 k1 8 58 1.5 12 07 14 47 0.9 17 37 8 sk 1.k
21 1302 15\ Lo 1.0 18 33 9 43 1.4 12 58 15 26 0.9 18 29 9 39 1.3
22 1353 16 ' 31 0.8 6 40 10 32 1.3 1349 16 27 0.7 6 36 10 28 1.2
ok 15 47 18 26 0.7 754 12 21 1.2 15 43 18 22 0.6 750 12 17 1.1
27 6 55 8 L2 0.3 10 k% 15 13 1.2 6 51 8 38 0.3 10 k0 15 09 1.1
28 738 9 33 0.4 11 b 16 02 1.2 T 34 9 29 0.k 11 40 15 58 1.1
29 815 10 19 0.4 12 3% 16 W6 1.3 811 10 15 0.k 12 30 16 L2 1.2
Sept. ‘
4 11 36 14 35 1.1 17 05 8 15 1.b 11 32 1k 31 1.0 17 01 8 11 1.3
5 1219 15 02 1.1 17 58 8 58 1.5 12 15 1% 58 1.0 17 54 8 5% 1.4
6 13 07 15 54 1.1 18 57 9 38 1.5 1303 15 " 50 1.0 18 53 9 34 1.4

'The hours of the day are numbered consecutively from_g.h (midnight) to 23h (11:00 p.m.). 128 is,noon. All hours
areater than 12 are in the afternoon (p.m.). " kn.means knots. .



TIDAL CURRERWT DATA AoFD A

LOWER JAMES RIVER POLLUTION STUDY B.oo 5"
August 6-Sevtember 6, 1951 .
STATIONS 1% & 15 STATION 16
Slack; Mexi- PFlood Veloc~ Slack; #Maxi- Ebb Veloc- 35Slack; bexi- Flood Veloc- Slack;. Maxi- Ebb Veloc-
Date Flood mum ity of Ebb mum ity of Flood mum ity of Ebb mum ity of
Begins Max. Degins Maz. Begins Max. Begins Max.
Flood Ebb Flood Fbb
“h nm h m kn h m h - m kn h m h . m kn h m h m xn
Aug. : .. R
6 11 58 1k 25 0.6 16 58 8 37 1.0 11 51 14 18 0.5 16 51 8 30 0.8
7 12 b0 15 10 0.6 1751 9 13 1.0 12 33 15 03 0.5 Tk 9 06 0.8
8 13 27 16 oL 0.7 . 612 9 56 1.0 . 1320 15 5k - 0.5 18 L4h 9 49 0.8
9 - 1k 23 17 02 0.7 19 59 10 47 1.0 ik 16 16 55 0.5 19%2 10 L4 0.8
10 15 24 18 06 0.7 7% 11 47 1.1 15 17 17 59 0.5 21 08 11 %0 0.8
15 811 10 35 0.7 1308 17 ok 1.5 20 20 10 28 0.5 1301 160 57T 1.1
16 859 1 28 0.8 14 06 17 56 1.6 21 13 11 21 - 0.6 «1359 17 k49. 1.2
17 9 4k 12 19 0.9 1k 59 18 46 1.6 937 12 12+ 0.7 ~1l452 18 39 1.2
20 12 03 1k 43 0.8 17 33 8 51 1.2 11 56 14 36 0.6 17 26 8 Ly 0.9
21 12.5% 15 - 32 0.8 18 25 9 35 1.1 12 47 15 25 0.6 18 18 9 28 0.8
22 13 45 16 23 0.6 6 32 10 24 1.0 13 38 16 16 0.5 19 15 10 17 0.8
24 15 39 18 18 0.6 T4 212 13 1.0 15 32 18 11 0.k 739 12 06 0.7
27 6 L7 8 3L 0.2 1036 15 05 1.0 18 21 8 27 0.2 1029 14 58 0.7
28 7 30 9 25 0.3 113 15 54 1,0 1909 9 18 0.2 11 29 15 47 0.7
29 8 0T 10 11 0.3 12 26 16 38 1.0 19 53 10 ok 0.2 i2 19 16 31. 0.8
ept. : ‘ ' |
L 11 28 14 27 0.9 16 57 8 o7 1.1 11 21 1b 20 0.7 16 50 8. 00 0.8
5 12 11 14 5l 0.9 17 SO 8 50 1.2 12 Ok 1k W7 0.7 17T 43 8 43 0.9
6 1259 15. k6 . 0.9 18 47 9 30 1.2 12 52 15 39 0.7 18 40 9 23 0.9

The hours of the day are numbered consecutively from ot (midnight) to 23 (11 00 p.m.) 12b is noon. &1l hours
sreater than 12 are in the afternoon (p.m.). kn means knots,
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TIDAL CURREHT DATA whilds A7
LOVER JAMES RIVER POLLUTION STUDY . Tuare 53
August 6-September 6, 1951
STATION 17 STATION 18
Slack; Maxi- Flood Veloc- Slack; Mexi- Ebb Veloc- Slack; Maxi- Flood Veloc- Slack; Maxi- Ebb Veloc-
Dete Flood mum ity of Ebb rum ity of Flood mum ity of Ebb mure ity of
Begins o . Max. . Begins. ... Max. . Begins Max. Begins Max.
’ ; Flood Ebb Flood Ebb
h m h m kn h n h m Xn n m h m kn h n h m Kn
Aug.
6g 11 k2 1 09 0.6 16 42 8 21 1.0 11 27 13 5h 0.8 16 27 . 20 15 1.2
7 1282 14 5h 0.6 17 35 8 57T 1.0 12 09 14 39 0.3 17 20 8 b2 1.2
8 1311 15 45 0.7 18 35 9 4 1.0 1256 15 30 0.9 18 20 9 25 1.2
g9 14 07 16 L6 0.7 19 43 10 "31 1.0 13 52 16 31 0.9 19 26 10 16 1.2
10 15 ¢8 17 50 0.7 20 59 11 31 1.1 14 53 17 35 0.9 20 4k 11 16 1.3
15 2011 10 . 19 0.7 12 52 16 k8 1.4 . 198 10 o1t 0.9 12 37 16 33 1.8
16 21 04 11 12 0.8 13 50 17 L0 1.5 20 49 10 5T 1.0 133 17 25 1.9
17 928 12 - 03 0.& i 43 18 30 1.5 ° 913 11 48 1.0 1% 28 13 15 1.9
20 11 47 1k 27 0.€ 17 17 20 8 1.1 11 32 1% 12 1.0 17 02 20 43 1.5 -
22 1329 16 o7 0.6 19 06. 10 08 1.0 13 1% 15 52 0.8 18 51 9 53 1.2
24 15 23 18 02 0.5 730 11 57 0.9 15 08 17 g 0.7 715 11 b2 1.1
27 1812 8 16 0.2 10 20 14 k9 0.9 17 57 8 01 0.3 10 05 14 3% 1.1
28 1900 9 09 0.3 11 20 15 38 0.9 1845 8 5k 0.4 1105 15 23 1.1
29 19y g9 - 55 0.3 12 10 16 22 1.0 19 29 9 Lo 0.4 11 55 16 07 1.2
Sept. :
b 1112 1k 11 0.6 16 51 20 19 1.1 10 57 .13 56 1.0 1626 20 ok 1.3
5 1155 14 38 0.6 17 34 8 3 1.1 11 40 14 23 1.0 17 19 8 19 1.4
6 1243 15 - 30 0.¢ 18 31 9 3% 1.1 12 28 15 15 1.0 18 16 9 19 1.4

The hours of the day are numbered consecutively from oh (midnight) to 230 (11:00 P.M.). 128 is noon. _-Ali-hours
* greater than 12 are in the afternoon (p.m.). kn meansknots. _ e e
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TIDAL CURRENT DATA SAOLP 43
LOWER JAMES RIVER POLLUTIOF STUDY P.re 54
August 6-September 6, 1951
STATION 19 STATION 20 ~
Slack; Maxi- Flood Veloc- Slack; HMaxi- Ebb Veloc- Slack; Maxi- Flood Veloc- Slack; Maxi- Ebb Veloc-
Date Flood mum ity of Ebb mum ity of Flood mum g ity of Ebb mun ity of
Begins Meax. Begins Max. Begins Max. Begins Mex,
N P Flood Ebb Flood Ebb
h m h m kn h m h -m kn k m h m ¥n h m h m kn
Aug.
6g 11 20 13 47 0.8 16 20 20 08 1.k 11 11 13 36 0.9 16 09 19 ST 1.5
7 12 02 1k 32 0.8, 17 13 8 35 1.k 11 51 1k 21 0.9 17 02 8 2k 1.5
8 12 49 15 23 0.9 18 13 9 18 1.4 1238 15 12 1.0 18 o2 9 07 -~ 1.5
9 . 135 16 24 0.9 1321 10 09 1.b 13 34 16 13 1.0 19 10 9 58 1.5
10 1 46 17 28 0.9 20 37 11 09 - 1.5 435 17 . 17 1.0 20 26 . 10 58 1.6
15 19 k9 9 57 0.9 12 30 15 26 2.0 19 38 9 L6 1.0 1219 16 15 2.1
16 20 k2 10 <0 1.1 13 28 17 18 2.1 20 31 10 39 1.1 13 17 17 07 .2.3
17 »9 06 11 k1 1.2 14 21 18 08 .2.1 355 11 30 1.2 4 100 17 5T 2.3
20 L2 1 . 07 1.1 16 55 20 36 1.6 111k 13 - 56 1.1 16 4 20 25 1.7
#21 12:26 14 sk 1.1 17 47 8 57 1.5 12 05 14 L3 1.1 17 36 8 46 1.6
22 13 07 15 k5 0.8 18 44 9 L6 1.4 1256 15 3% 0.9 18 33 9 35 1.5
24 15 01 17 10 0.7 708 11 35 1.3 ik 50 17 29 0.8 20 2 11 oh 1.k
27 17 50 20 37 .0.8 958 1k 27 1.3 1739 20 - 26 0.9 47 14 16 1.4
28 1838 21 25 0.9 1058 15 - 16 1.3 1827 21 14 1.0 10 47 15 05 1.k
29 - 192 9 33 O\ «11 48 1216 00 1.k 1911 9 - 22 0.5 11 37 15 49 1.5
°epta - .
L. 1050 13 k9 Pre2 Ti619 19 57 1.5 1039 13 36 L2 1608 19 46 1.6
5' 11.33. 14 - 16 1.2 .17 12 8 12 1.6 11 22 14 05 1.2 17 o1 & o1 1.7
6 221,15 08 1.2 ~18 09 Q 12 1.6 12 10 14 57 1.2 37 58 9 0L 1.7

The hours of the day ¢re numbered consecutively from oh (mldni'rht) to 23 (11:00 p.m.). 12l is noon. all hours
greater than 12 are in the afternoon (p.m.). Xn means knotse .- ‘
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