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INVERTEBRATES TAKEN IN NET HAULS
Syrton

The nylon net;; , one m_eter in diemeter, used p;'imarily for
the collection of eggs and lervae of fishes, collected also consider-
g.b}e numbers of &;_'ifting invertebrates or syrton, and often tremendous
qgent_i’cies of. organi_c deb;is. The presence of this debris, mostly
partially decayed leaves and_ twigs, interfered considerably with thé
sorting pf cpllections.. Because the number Qf samples teken by this
method was lerge, it was imprafztical_ to isolate the emaller orgeniems,
but rough estimates of the reletive sbundence of the larger forms

were possible. These estimates were coded as follows:

| Order of ebundance Numbers of organisms
0 0 (2bgent)
1 l1-10 (rare)
2 11 - 100 ( _comnop)
3 101 - 1,000 (abundent) _
L 1,001 = 10,000 (very sbundant)

Many of thesg orga;nimns_v‘mre immature steges of insects.
These were ci_a;saified as follows: _Odona;ta (@ragonfly nymphs),
Ephemerids (meyfly nymphs), and _(_:_h;_a_x_:_l_?_g_g_t.x_g (fly lervee). Amphipods,
represented by the genus Gammarus, Cladoceras, or water' fleas, repre-
sented by the genus Leg' todora, and Isopods, were also recorded. These
organigms are important items in the food of fishes in fresh waters,
and therefoie the records give information on the relative sbundence

of figh food in various sections of the river throughout the season.
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_ With the exception of Leptodora and Chaobovus,which ere
typicel planktonic forms, these. organi ems 'live’ normally on the bottom.
When two nets were fisped_, one at the swface end one near the bottom,
the bottom net nearly aslways captwred the larger numbers of drifting
forms. ) ) _
The accompenying illustrations (figures 2k-27) show the

average relati_ve a't:mdp,nce o_f Garmerus, Chaoborus, Leptodora, end

all 1nyetrtebr_ates at each station ?rom Frederickeburg to Tappahannock,
The scale pf abundance is apprpxima:behf logaritlmic', that 1s, each
unit increase in the index of sbundence represents a tenfold increase
in the mnnbe;: of orgenisms. From station 76 upstresm to F;'edericks-
burg, 10 organisms or less vi_em'e teken per unit volume of water. Down-
stream from station 76, the sbundasnce of orgenisms rose rather repidly,
and from_ stations 50 to 37 Elt decreaaed’ egein. Since Chaoborus and
Leptodora do not live in by_ackiph or sea water, this decrease in sbumn-~
dance in the vi_cinity of Teppshennock would be expected. The lerge
nunbers of Gammarus in this region may indicate the intrusion of
brackish~-water or marine apeci_es. Mayflies, drggon-flies, and
1sopods were not sufficiently sbundent to give a clear picture of thelr
distribution a_]:ongpthe river, )
The aversge indices of abundance of Gammarus over the period
of the first nine crulse_a_ indicate that the genus was most abundant
during cruise l.,_ end became progressively less sbundant as the season
progressed. Chacborus, on the other hand, seemed to increase to its
mexlmum g.bmdance during crulse 5, and then decreased rather regulerly

in abundance to _crui ge 9, Data on the other groups of organisms are

too scanty for analysis.
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Figure 24

Reletive abundance of Gammarus per station in the

Rappahannock River in 1951
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Figure 25
Relative abundonce of Chaoborus per
station in the Rappahannock River

in 1951
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Figure 26
Relative abundance of Leptodora per station

in the Rappahannock River in 1951
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Figure 27
Relative abundonce of all invertebrates caught by meter nets
in the Rappahonnock River in 1951 . Bascd on the unweighted
averages of the indieces of abundance of

Gomuarus , Chaoborus, Leptodora,

Odonata, Isorola, and Ephemerida.
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B Limited information on the distribution of Gammarus (the
most abundent invertebrate in the net hauls) in the Pemunkey River
indicates that this genus was most ebundent from station 48 to
station 51 and less abundant upptream end downstreem. In the
gd_attagoni River, on the other hand, Gemmerus seems to increase in
abundance going upstream from‘ stetion 27 to station 50.
B glan}:ton

At each station, on each cruise, & 50-liter sample of sur-
face water was taken. This was strained through a plankton net made
af 3119 bolting silk, and f:he smple of plenkton weas preserqu in5
per 9ent fo?malin. Th_e_ sample vas thoroughly mix_ed _in the laboratory,
and all organisms contained 19 a one-gnilliliter aubaagnple were counted.
The counts were converted by appropriate correctio_n factorvs to give
the total muber of organisms per it volume of water strained.

Specific identification of the orgenisms was not poseible
i_rf the time ayailable. Instead, they were classified according to
mejor groups as follows:

Phytoplankton

Algae: non_*filamentous
filamentous

Diatoms

Zooplankton
Protozoa
Rotifers

) Copepode and copepod naup?.ii o )
A_..‘_l.g_g_.-;-v"rhe productiop of algae, remained et a relatively low lavel

until crulse 6, when a considerable bloom appeared in the river in
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the vicinity of Portobago Bay (stations 50 to 6%). This condition
persisted through crulse 9, and during this period the tremendous con-
centration of algae, particu}arly_ fi}amentoua forms, interfered with
the collection of" fish egge and larvae by_ clogging the nets.

(1) Non-filamentous forms.--The greatest average production per

station was encountered during cruise 6 (“f‘igure 28), when large numbers
of non-filamentous algae were teken at stations 58, 61, and 64. Counts

of »500 or more cells per liter were encountered at the following

stations:
’ | Average number
Cruise Stations of cells per liter
6 58, 61, 64 3800
7 ks, 50, 61 700
8 50 900
9 61, 64 600
13 91 600
A0 6l 600
15 50, 58, 61, 64 1400
16 50, 58 1700
17 é 600
v 8 L 600

A meximum wes reached during cruise 6, and a second, but lower maxi-
mum during crutses 15 a,pd.16. During the period of the survey the
average standing crop ves highest at stations 58, 61, and 64, end
fairly high at station 50, ) o .

{2) Pilementous forms.~-Filamentous algae vere relatively scarce

until cruise 6, when the numbers began to rise sharply at stations 50
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Figure 23

Average nunbers of non-fllamentous algae per liter

of water in the Rappahannock River in 1951
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Figure 29

Average number of filaments of filamentous algpe

in the Rappahannock River in 1951
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to 64 inclusive (figwre 29). The stations at which counts of 50,000
or more filaments per liter were made are listed below:

. o Average number of
Crulse Stationsg filaments per liter

6 61, 64 8lt,000
7 45, 50, 58, 61, 64 433,000
8 41, 45, 50, 58, 61 453,000
9 45, 50, 58, 61, 64 292,000
11 45 168,000
13 81 72,000
1% 50, 58, 61, 64 91,000
15 58, 61, 64, 68 80,000
16 61, 64 150,000

The helght of the bloom was reached during cruise 7, when 756,000
filements per liter of water were taken at station 61, and cruise 8,
with 618,000 at the same station, A second meximum occurred on cruise
16_,” with l§3 ,000 at station 64, This tremendous production of phyto-
plankton was centered in the region of Portobago Bay. Similar con-
ditions were observed in this vicinity during 1950,

Distoms .--g'he production of'_dia,t.oma first reached 5,000 cells per
liter of water on cruise 6 at station 58 (figure 30). During the
period of the survey, counts of 5,000 cells or more were recorded at

the following stations:
Average number

Cruise Stations of Cells per liter
6 58 5,200
7 61 12,100

8 61 14,400
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"Figure 30

Average number of diatoms per liter of water

River ia 1951
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Average number

Cruise Stations of cells per liter
9 58, 61, Gk 15,300
10 76, 81 7,900
13 68, 72, 76 18,000
ik 58, 61, 64, 68, T2,
76, 81, 85 25,800
15 68, 72, 76, 85 15,500
16 64, 72, 81, 85, 89 16,500
17 76, 81, 85, 89 56,000
18 T2 13,700

Three maxime were recorded: cruise 9, with more than 21,000 cells
per liter at station 61; cruise 1k, with more than 69,000 at stations
68 and 76; end cruise 17, with over 100,000 at station 85. The point
of maximum distom abundence shifted graduslly upstreem throughout the
period of the survey .

Protozoa.--Counts of protozoa were based on certain readily identified
forms such as Difflugia. The mmbers observed were not large, and this,
in conjunction with the di}fficulty of identification, probably has
contributed to the irreguler dis:bribu'hion of these organisms in time
g.nd space (figwe_‘BJ.). In gimeral, protoz_oa, seent to have been most
abundent in the early pert of the season, and in tpe vicinity of
stations 50 to 76. Reletively large numbers were also teken et
station 94, ebove the American Viscose Corporation plant.

Rotifers .:-In genera}, rojzifere were nore abtm_da.nt than protozoa,

but less abundant than_ diatfms. _The countg reached 500 individuals

or more per liter of water at stations 61 and 64 on cruise 6 (ﬁ.gur.e

32). During the period of the swrvey, 500 or more per liter were
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Lverage rnumbers of protozoa per liter of water

in the Reppahannock River in 1951
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Figure 32
Average nubers of rotifers per liter of water

in the Rappohannock River in 1951

1
3

N

10

Cruise number

Station number



counted at the followlng stations:

Cruise Stations

6 €1, 64

7 50, 58, 61
8 41, 50, 58
9 50, 58, 61,
11 L5

13 58

% 53, 61

15 58, 61, 64,
16 6k

17 37, 41, 45,
B m

Two rather broad maximg occwrred,
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Averapge number of
rotifers per liter

600

1,000

600

6 700
900

500

T00

64, 68 600
500
dwing crulses 6 to 9, and cruises

13_ to 19. Abunda_.nce was greatest in the region from station 50 to

s_t_at_ion 68. _'I‘orward the end of the season the abundance of rotifers

was also relatively high from station 37 to station L5,

Copenods and Copepod naupli.i.--o;x the average, copepods and their

nouplii were slightly less sbundant than rotifers. Counts of 300 or

more per liter of water were dlsiuributed as follows:

Cruise Stetions
2 37
3 37
5 37, 1
6 37
7 61, 6

Aversge nmuber of
copepods per liter

300
400
300
300
900
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Average number of

Cruise Stations copepods per liter
8 37, k1, 61 1,100
9 b1, 50, 58, 6 500
13 L5 400
14 61, 68 1,000
15 3, 'lu,_ 61, 72 700

The increase in aversge abundance in the reglon from station 45 to
station 37 (figure 33) is probebly associated with the intrusion of
brackish-water end mar;ne spgcies. A‘bupdance in the fresh-water
section of the river was grestest at station €.

Copepods were especielly gbundant durirg two periods:
cruige 8 to cruise 9, and cruises 1% end 15. Tos Pirst maximum vas
due chiefly to an increase in shundance at stations 37 and k1, although
co_p_epods were als_o numerous at station 61_ dur_ing c_ruises 7 and 8, at
stations 50, 58, and 61[ dwring cruise 9, and at station 64 during
cr};ise T. The seco_ncl meximum was lergely _caued by pigh counts at
stations 61_ to 68, although copepods were also more sbundant than
usual at stetions 37 end b1 dwring cruise 15. The smaller maximum
on cruise 2 was causad by relatively high mmbers of copepods _at
statsf_.on 37.
Comperison of the Revpshenucck with other rivers.--Although the Pam-
unkay _a_nd Mattasoni Rivers were mct iavestigated as thoroughly as the
Reppahannock during 1951, the _distr:(.bﬁmon and relative sbundance of
ple.nkton_ organi ame may be compared for cruiaqa th.a.t— were made at
approximately the seme time. For this pwpose, date are available ;t’or
cruises R 10 (4 June 51), P 2 (28-29 May 51), end M 1 (30 May 51); and

cruises R 18 (17 August 51), P 3 (11 August 51), and M 2 (14 August 51).



X
Ed

is per

DO

Py

Awerage nunber of cope

Average number of copepods per liter
in thousands

iiter in thousands.

- 128 -

Flnwe 33

Average nuibers of copepode und copepod nouplii per liter of water

in the Rappahennock River in 1951

Cruise nuber
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The numbers of organisms per liter of yater atrained.were.avergged
for the th?ee sectlions of each river, and the indices of ebundance
expreaaed s ratios of the abundance in section I of the Rapﬁahannock

(tables 37 and 38_).

. The data indicate that in late Mey and early June the Rappe-
pangock exceeded thg oﬁher rivers in the productiop of filamentous
algee in all three areas, in production of non-filementous algae in
sections I and II, and in production of diatoms and protozoa in
secﬁioy III. .In Augusﬁ the Rappahannock ves highest in the p:oduction
of algae (filamentous end non-filamentous, and diatoms) and equalled
or el;ghtly excee@ed ﬁhe other rivers in numbera.of rotifers, In
gengral it would appear that more phytoplankton end fewer zooplankton
organiems per wnit volume of water are produced in the Reppahannock
thap in the Pgmunkey and the Mattappni Rivers. chpver, it must be
remembered that this is based on meesuwres of the stending crop of
organi sms, apd also that there is o;ten an inverse relationship be-
tween the standing crops of phyto- and zooplankton.

_ CHEMICAL AND PHYSICAL CHARACTERISTICS
~ Water samples were teken from surface and bottom at each
station on cruises 1 to ;9 in the Ra@pghannock River, e?uisea 2 and
3 in the Pamukey River and crulses )l and 2 in the Mattaponi'aiver.
De}erminations were made of aisaolve@ oxygen, pH, salinity, and sul-
phatea: Records elso were made of water temperature, light penetra-
tionm, and cwrrent velocity. The chemlical and rhysical determinetions
are sumsarized in appendixz tdblpa‘Avl through A-11,
Five eeyies of observations were mede at short intervels

over complete tidal cycles. The results of these determinations are



Table 37
Relative abundence of plenkton orgenisms in the Reopehamnock,
Pamunlkey, and Matteponi Rivers, May 28 to Jwne 4%, 1951

River arcas
Orpganisms Cruise I IT III
Non-filamentous ' R 10 1 8.10 1.25
algae

P2 0 0 24 .91

M1 0 0 - %
Filamentous R 10 1 2.87 0.13

algase i

P2 0.01 0.06 0.05

M1 0,04 0.15 -
Diatoms R 10 L 1.98 9,21

P2 2.43 8.28 3.58

M l 38 007 15 003 ad
Protozoa R 10 1 1.25 26..34

P2 23 .66 21,18 0

M1 11.63 29,90 -
Rotifers . R 10 1 1.25 4.6

P2 4 .99 27.72 19.31

M1 2k .91 29,48 -
Copepods and R 10 1 0 0.20
copepod nauplii

P2 3.74 1.39 3.22

M l Oohg )‘,'089 -

¥ No stations were occupied in Section III of the Mattaponi River.
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Relative sbundence of planl:ton organisms in the Reppehannock,

Pamunkey, and Mattanonl Rivers, Agguat 11 - 17, 1951

lver areas
Organisms Cruise I II II1T
Non~filamentous R 18 1 1.25 1.25
almae

P3 0 0.37 0.12

M2 0 0,50 0.50
Filamentous R 18 1 2.06 0.02

algne

P3 1.83 0.99 0.10

M2 0.70 0.17 0.05
Diatoms R 18 1 9.23 2.93

P3 1..68 1.64 0.91

M2 1.39 2.19 0.30
Protozoa R 18 1 0.k7 0.21

P3 6.70 0.94 047

M2 4.78 0,83 0.31
Rotifers R 18 1 0.20 0.20

P3 0.30 0.06 0.26

M2 0.83 0.35 0.20
Copepods and R L 1 1.67 0,04
copepod nauplii

P3 5439 1.1k 0.52

M2 3.88 1.11 0.63
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summarized in appendix tables A-12 through A-16.
Chemical Determinations

pissolved gngg_q.--])_isaolved oxygen wes measwred by the Winkler method,
es outlined in Standard Methods for the Examination of Water and Sew-
ege (American Public Health Association, 1946). To check on the‘ validity
of the umodified Winkler method in this area the Standard Winkler and
the a}kaline-lwpochlorite modification were compared_ in the vicinity of
the waste discharge from the American Viscose Corporation May 4, 1951,

Only small differences were obtained:

p—

Alkeline-hypochlorite

! stetion Standerd Winkler | modification
91.2 8020 PePollte 8-05 PeDelde
91.8 8.22 PePeie 8.15 PePole
92.8 8059 PsPellle 8.56 PePeie

X 2t

_The use of the Standard Winkler method in the Ffedericksburg
vicinity appears justified. For ggnergl anelysis, the results of sur=~
face end bottom samples have been averaged. 8ince the per cent of
satwation is probably of greater significande biologica.lly, all values
have been converted to this figure. |

On cruises 1 to 9 river runoff vas sufficient to maintain
oxygen levels above 30 per oent of satwation. This level is believed
to be the minimun for the maintenance of a well-balanced, vern-vater
fish fauna in Virginia tidsl rivers. On cruises 10, 14, 15, 17, 18,
and 19, dissolved oxygen fell below 30 per cent of satwration at one
or more stations (table 39). The extent of the region affected by low

oxygen values is shown in teble 40 and figure 34, Approximately 3.9
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Table 39

Oxygen saturation values for the Rappah_anno7k River at stations 68.2-93.6
between June 4, 1951, end November 9, 1951./1 The double lines enclose
arcas in which saturetion values were below 50 per cent., Whers the limits
of this area were not specifically determined, the approximate limits are
indicated by dashed lines. '

Station
Survey Date | 68.2] T2.3f 76.3] 806 | 85.2 [88.,6 | 91.2 | 93.0

6-4| 90| 78| 69| 60| 62 [ne || 69 | o3
6?11» 67| 72| 8% { 89 | 90 9; 91 96
6=191 70| T3 67 h 7 80 84 96
627 99| 17| M| 75| 63 |51 | 63 | 98
Virginie | 7-4%| 8+ | 68| 63 | 58 || u4 J] 50 | 73 | 100
éﬁiﬁiﬁi? 7.1t} 102 | B] 72| 9% | 56 ‘lL% 53 | 100

7-17 76 82 84 | 103 51, 52 ™ %
8-3| 8| oo | 96| 65| 55 [[39 | 2] 8
8=17 88 | 79 ]l 20 | 29 | 21 12 79

8281 86 ] 66 | 62 | 53 || 35 | 1n 6 83

o

American | 9-6 | 86 - - - b7 - 3 77
Viscose v y
Corporation] 9-13 | 102 - - - :: Ll - 0 76

Use 926 98 oL 87 (] b9 16 0 50
Public

Health 10~3 ]} 100 9T 93 88 43 40 8 105
Service ‘
1010} 8+ ) 761 13 | 68 || 271 0 0 71
cpo
American |1l0=l9 3 - - - 83 - 0 79
Viscose . e
Corporationj10-28 [ 88 - - -2 - 2 87
-
2

This time interval includes all determinations in which oxygen values
were less than 50 per cent saturation.
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Table 40

Approximate length, area, and volume of the zone in the
Rappahannock River between Tappahemnock and Fredericksburg where zz-ye;en
values of less than 50 per cent seturation were found 1951..L

Townrfver Upr?}:[ﬁet:'nt Egn;rt% loge;x Zg%% Zonf’er cent ) rer cenuv

Cruise Date 8 tation station | miles of length| of area | of volue
0 | 64| 886 | 886 | 3.0 5.3 Lk 0.3
14 7.-. b 85.2 85.2 4,0 Tel 2.2 1.4
15 7-11 88.6 88.6 3.0 53 1.k 0,8
17 8- 3 88.6 91,2 565 97 2.4 IR
18 8-17 76,3 ol.2 | 18.1 31.9 10,2 649
19 8.-é8 85 .2 91.2 9.5 16.8 .6 2.8
2 9-é6 8542 91,2 9.5 16,8 4,6 2,8
2 10: 3 8542 9.2 | 9.5 16.8 4.6 2.8
2 10-10 85 .2 91.2 945 16,8 4.6 2.8
Averapge of 9 crulses Te9 4.1 h.d 2.5

L
Hydrographic data collected at each station are assumed to be representative of
water conditions half the distance to the next station.

£
Date furnished by the U, 8, Public Health Service.
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per cent of the total river area between Tappahamnock and Fredericksbur(
and 2,5 per cent of the river volume was affected during the period
June L to October 10,

To compare the oxygen saturation values on the_ Rappahannock
R_i.ver w':!.th thosge .from. rivers not affected by industrial and domestic
wastes a cruise was made in the Pamunkey River on August 11, end in the
Maettaponi River on August 1k, Oxygen gaturation values are compared
with the August 17 cruise in the Rappahannogk Biver in figure 35. With
the exception of the low axygen zone, the Rappshamock River is gen-
erally higher in dissolved oxygen than either of the other rivers.
Results of oxygen determinations on the Mattaponi River indicate that
during the summer months oxygen levels may epproach the minimum levels
found in unpolluted rflvor waters.

Hydrogen ion concentration.--Hydrogen ion concentrations were measured

using a Coleman pH meter on cruises 1 to 9 and & Beckman pH meter on
cruliges 10 to 19. In thg vicinity of F_reder:lcksbtmg PH values did not
go below pH 6. Downstream greater veriations were noted, the pH rang-
ing from 7 to 9. As illustrated in figwre 36, the range of variation
par cruise varied from 1 to 2.3 pH units. The higher pH values appear
to coinqg.de vith the more intense plankton blooms. A kydrogen ion
concentration of 6,3 camot be considered lethal to fishes; however,
PH 9.0 is }'athw cloae_ to the J.'j.m'.l'ts~ of tolarat:'non for some of the
more delicate species and may have & detrimental effect on fish larvae,

A comlo_ar:l_eon of tpo mean pH for the spring and summer
cruises on the Matteponi, Pamunkey and Reppahannock Rivers is shown
below:
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Figure 35
Comparison of the dissolved oxygen in the

Reppahannock, Pamunkey and Mattaponi Rivers
in August 1951,
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Figure 36

Hydrogen ion concentration at the suriface for
19 cruises in the Rappahamnock River 1951 showing
moximum, minimun, and average reading for ecch cruise,

T R 4 f § ) T v g T T 1 +- : ] T T

9 10 11 12 13 1k 15 1517 18 19

[#Y)
e

\® )
o

-

&)

Cruise npumber



-139-

Rappahamock Pamunkey Metteponi
Cruise Week River River River
April 16 7.0 T.0 * -
May 21 TeT - -
Mey 28 - 7.1 6.8
Avg. 6 - 7.0 7.0
Aug. 13 7.0 - -

o

L

* Determinations made only on stations 50.7, 54.2, 55.2, and 56.2.
B The most important difference between the three rivers
appears jco be th=s rkigh pH values found in the Raprahannock River

during part __of the spring period.

Selinity.--Salinities were measwred in the lower sections of the river
to indicate the extent of brackish water intrusion in the section of
river__sample_d. Sglinities were computed from hydrometer readings made
with a standerd salinometer and corrected for tempirature. Hydrometers
are not precise instrumente, the errors becoming relatively larger as
the _qalinity decreases. Salin}ty values obta:'inad by titration ere
compared with the..corroot-e_d readings from 3 salinometers used in the
study, Thie comparison wg.a._nade by Richard ffhaley of the Chesapeake
Bey Ingtitute in the Reppahamnock River in March 1951 and is listed

below:
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Ttrated i Corrected hydrometer readings

salinity Water Temp. in instrument Maximum
0/00 degreee Co  No. 191659  No. 191661 No.11209 error
12,52 12.0 12.9 12.7 12.6 0.4
11.22 11,0 11.2 1Lk 11.2 0.2
9.34 .5 9.8 9.6 9.9 0.0
6.98 13,0 7.2 6.6 6.6 O
5.1k 20.0 6.0 6.0 5.9 0.9
3.89 20.0 5.0 L.8 4.6 L.l
2.36 22.0 3.0 3.0 2.9 0.6
1.33 12,0 1.6 .8 1.7 0.5

Altpough hydrometers doy‘no‘c give pracise dsterminations » they
are of some value in giving general in?orma‘;io;a on th_e extent of salt
yra.ter inr!:rusiop. Figure 37 ahowp the a.pproxim_ate location of the poxmd-
ary between brackisn _a.nd fresh wp.ter. The locaticn of this zone verles
with t}_ls tide, wind, and fresh wat_er ruoff. During the present survey
the mean upper limit of sengible salt water intrusion occurred between
stations 41 and 45. .

. ~ Although only limited data ere available on the extent of
selt water intrusion into the Pamurkey and Mattapo;)i Rivers from 'bh_ia
survey, past reco_rda show this change may occur between West Point and
station 38.2 in each river.
'Sulphates.--Sulphate detarminaj:iona vers made on vater semples submitted
to the Americen Viscose Carporation. A helige turbidimeter was used

in calculating _sulph_gte val_uee.

Sulphates are relatively stable and not toxic to aquatic
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Fisurs 37
Approximate extent of salt water intrusion in the

Rappahamock River 1951. Determinations are the mean -
of swface and bottom values obtained with o standard salinometer.

brackish water fresh water
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life in concgntmatiops fo_tmd in the gappahannock River. ' Figure 38
s}}ows the mean sulpi_t_xate values for each crulse, Since salt water con-
tains hglngh concentrations of sulphate, those stutions where brackish
water was encountered have not been considered. For cruises 16 to 19
the higher sulphate values ere assumed to result from lower fresh water
r\mo_:tjf.‘_ The mean sulphate values are plotted by station in figwre 39,
A gradual increase is apparent upriver to s_tation 91. The sharp drop
_i_s the_‘di.f-feren'ce between the sulphate m;'mally present in the river
a.}}d that added at Frede?icksb}mg. The mean sulphate value at Tappa-
harmock, where saline waters ere present, was eight times that at

gtation 91. L 3 - R
The mean sulphate values in the fresh water portion of the

.- .- o

Rappshannock, Pamunkey,and Mattaponil Rivers differ considerably:

8 | t million
Rappshannock Pamunkey Mattaponi
Cruise week River River River
ng 21 15 .3 - -
Mey 28 - 8.5 5.2
Aug. 6 - l2 o)"‘ 6 -9
Aug ‘13 53 ol - -

St

aa

" 2

Although sulphate concentration was hglghest in the Rappa=-

hannock River, this represented only a small fraction of the eamount

of sulphate found in the trackish and salt~water portions of the

estuaries,

bottom at each station for each cruise.

P&_ sical Detg_gmtiona )

Hater temperature.--Water temperatwres were taken from surface and

surface temperatures were
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Mean sulphate values on 19 cruises in the Rappahannock River 1951,

Average of surface and bottom samples, Stations 37,0, 41,0 and 45,0

have been excluded.,
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Mean sulphate values at each station for 19 cruises in the
-~ Reppehamnock River in 1951,
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measured with a bucket thermometer, bottom temperatures with a revers-
ing the_zjmometer. Readings were made to. the nearest Lenth of a degree
Centigrade. The instruments used were accurais ©n within x 0.1°C.

Comparison of au}'face ax;d bottom tempcratures shows that the
river did not be_come thergnally s}xatified dwring :bhe investigation. In
figure .1;0 the mean temperatures are plotted' for each statio;z during t' e
spring__and summer periods. At dowm'iv_er stations the gradual drop in
temperature d_uring__the summer g;onths wes probably cgused by mixing
with cool_er salt weter. The water temperatures on all other stations
show no merked changes from station to station. ‘

Figure k1 shows the mean temperature on each cruise. River
vaters respond rapidly to changes in eir temperature and precipitation,
thg sharp increases ;_n _tempea:atm'e being ceused by period_s.of hot
veather, while the passage of cold fronts, usually accompanied by heavy
reinfall, ceused the sherp drops.

Since winds, currents, and sampling time often have a con-
sgdwable 1n_fluence on local temperstures, a more detailed analysis of
vater temperatwres is not Justified.

A com:garison o.if spring and summer temperstures in the

Reppehannock, Pamunkey, and Matteponi Rivers is listed below:

" HNean yeter temperature in °C
Rappahannock amunkey | - Mattaponi
Crulse week River River River
Mey 21 21,0 - -
May 28 - 21.0 21.6
Aug. 6 - 27.2 27.0
Aug . 13 28 -9 - -
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Mean water temperature at each statior +in te
Rappahenmock River for spring and summer 1901,
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__During thp spring, water temperatures in the three rivers
ere generallypsimilaro The a}.‘ngl_e pet of compnrative ohservations
mede dy}ring late summer incleate et thls time 3 chgviis higher
temperature ;‘or the Rappaha:nnock_ River.

Iight penetration.--Light pene'tz'ation was meae-z;"ed. wi _th a 20 cm. secclii

disk divided into fow equal duadrants palnted alternately black and
w}}ite. Readings were made to the nearest centimetor; however, var-
lations in time gf day, weather, and water surface conditions somewhat
affect the accuracy of the readings. ) . ‘ _
Figure 42 shows the meen seéchi disk reading at each station
for the spring cruises (1 to 10) and the summer cruises (11 to 19).
The most turbid water, _preeept at station k1.0, appears to be assoclated
with the intrusion of galt water. Upstream.the' water beceme clearer,
stetion 93.6 being clesrest of all, This contrast wes greatest dur-
ing the spring cruises. The great veriations in light penetration that
occurred between successive cruises (figure 43) were caused by fluctua~
tions in runoff, During cruise 1l heavy runoff decreased the river
temperature elmost five degrees C. and secchi disk readings 63 cme The
rapidity with which these changes may oceur is illustrated in figﬁre
Ll when on ane cruige in the Mattaponi River secchi disk reasdings
decreased 107 cm. in seven miles. Figwre 45 comperes twbidity read-
ings on e single mid-sumer cruisé on the Rax{pahar_x_mck, Pamunkey, |
and Mg_tttaponi Rivers., D_uring jj.his cruige, hem_r_y ra.:lixs c@md a aﬁarp
decrease in light penstration Qt the upriver stations, On these cruises
the mean _gecchi diak reading for thg Mattaponl River w;a about 20 eﬁ.
higher than the readings from the Rappahannoc}; end Pemunkey Rivers.

Current Veloclty.=-Current velocities were measured with current drégs
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Flgure 42

Mean light penetration at® zash aiation ia the Raprahannock River
during suring ard swrdr 1951,
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Lisht penetration in the Mattaponi River on August ik, 1951,
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dzvelop_ed by the Chesapeske Bay Institute of Johns Hopkins University
(Pritchard end Burt 1951), Two hundred and seventy current velocity
mgas}mem_ents vere made on cruis_es lt9, half of which were at the
swface and half at the bottom. Surface cwrrents exceeded bottom
cwrents by an average of p.lh knots. Although an average is only
roughly indicative of actuel river flow, the value for each stetion
ha_s_ been exprepﬂed._ae t_he mean of surfece a,nfl bottom reesdings. Current
measurements made at stations below Port Royal differed from those made
above. Tides hed more influence on the currenj: directions and velocity
at the downriver stations while river runoff wes most importent up-
rivers As showvn in figure 46 the transition wes gradual. Since the
numbegc_ 91’ _c,urrent determinations gnade at each statipn was fmall, all
the date h_;we been grouped to 9’btain gqnerral information on the cwrents

between statfons 37.0 - 68.2, and 72.3 and 93.6..

_ Stations .
37.0 « 68.2 [72.3 = 93.6

3 -

Maximum flood veiocity 1¢O9 knots 0,80 knots
Maximum ebb velocity 1.34 knots 1.79 knots
Mean flood velocity " 0470 knote 0437 knots
Mean ebb velocity 0.89 knots | 0,76 knots

Approximate rate of

downstream drift 0.17 knots 0455 knots

N e

The date are not pm‘f_:l.c-iently complete to warrent definite
conclusions regerding the rate at which water is displaced downstream.
Upriver variat_ions are influenced by rive;' runoff and to a iesaer ex-

};ent by tides and winds. From the information above, water would require
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a nigimm of about two days to move from Fredericksburg to Port Royal
and a minimm of about 8 days to move from Port Royal to Teppahannock.
Since river flow is turbulent rather than laminar, these estimates
probably are low. B ) )
N In spite of the fact that tidal currents were not observed
at stations 91.2 and 93 6 dwing the spring period, a rise end fall
of the water level or tide wes noticesble, although sometimes ob-
literated by the effect of freshets. The river therefore had the
characteristics of a true river in that the flow was alvays downstreenm,
but the effect of tides was present as a vertical oscillation of the
swface. _ ‘ .
Chemiocal and physical determinations on anchor stations
~ | To obtéi.n more detailed information on physicel and chemical

changes with time in a.__liggited area, serial samples vere taken at
certain stations from an anchored vessel. Stations 37 and 64 were
sampled for one day each during the spring period for bjologicel informa-
tion, Anchor stations vere run in the Fredericksbwrg vicinity during
the spring, sumer, and fall to obtain epecific information on the
effect of tidsl currents on'the &istribution of dissolved oxygen, pH
and sulphates, ~ o ‘ _

Station 91.3 was ccowpied at howrly intervals from 0600 to
1700 howrs on April 11 (figure 47) s The distribution of pH, sulphates,
dissolved oxygenm, turbidity, temperature, and owrent velocity was
rather uniform. fThe wniformity yi!iﬁb,iﬁtiin'ed by & rather constant
flow of water downstresnm which was ngéti'greéi:ly 'affei:'t'ed by tides.

Eight stations were occupied almost aiglultaneous.‘..y on Arvgust
72 hetween 0625 and 1815. By using e fast outboard motorboat the 1.8
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Tigure 47

Distribution of pH, sulphates, dissolved oxygen, turbidity,
temperature and current veloclty at station 91,3 in the
Rappahanmock River on April 11, 1951,
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m}le run was mede in sbout 30 minutes. Ten runs were completed.
Sempling was not auf_ficiently extensive to bracket completely the
pool of low oxygen water, only the upper portion being covered. De-
creased river runoff end tidal currents created conditions different
from those observed in the spring., Run #1 begen at low slack water
(figure 48). The short period of flood tide moved the upriver limit
of the loy oxygen p_ool upétrea.m about on'e-ha.lf mile while the succeed-
ing ebb cerried it sbout one mile downstresm. It is probable that the
lowver limit of _1;he' low oxygen poo.l'wa.a displaced in a gimilar manner.
Th:.ts movement wes apprpximately half that indicated by cwrrent velocity
re_aflingB sugge_ei;ing that_ the rate of displacement by mixing was almest
_equal to t_he rate by tidal cwrrents. The net effgct would appear to be
a concentration of low oxygen Vata}'s by rather weaek tidal currents
and extensive mixing. This would account for the rather ébrupt oxygen
recovery zone ericountered on most cruises and shown in figure 35 for
cruise 18.

On Octobe;r 3 another seb of anchor stations was occupled from

0735 until l§10. Semples were obtained at stations 85.2, 88.6, 91.2,
and 93.6. Sempling began soon efter high slack water when the low
oxygen pool vas present at stafion ?3 .6.(ﬁgm"e“ 49). The succeeding
ebb displaced the low orxygen 'waw"a'a_hm't distance downstream. The
distribution of pH was generally similar,

' ~ During the entire sumer of 1951 the pool of low oxygen '
water was continuous, the zones of degz'é.dat;on and r.ec'overy being quite
short. This pettern eppears to have been caused by a combination of

week tidel cwrrents end rather thorough mixing.
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Reppahamock River at Fredericksburg August 22, 1951,
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Distribution of dissolved oxysen and pH in the Rappahannock River
at Fredericksburg October 3, 1951.
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SUMMARY

The Rappahannock River drains an area of about 2700 square
miles in northeastern Virginia. The river is approximately 160
nautical miles in length, snd is eubject to tidal influence from 1ts
point of junction with the Chesapeake Bay, to Fredericksburg, a
dtatance of 33 nautical miles. The upper limit of salt water in
the estuary lies about 35 to 40 miles aboye the mouth, in the v:lcihity
of Tappahannock.

At Falmouth, three miles above Frederi cksburg, the Reppa=
hammock 1s blocked by & dam constructsd prior to 1887. About two
miles 'dovnsn'eam from the city is situated the Sylvania plant of the
American Viscose Corporation, engaged chiefly in the manufacture of
cellophane. In the mamufacturing pracess, the plent tekes in large
quantities of river water, which is discharged back into the river
with added wastes. ]

The orgenic materials, which by reason of their high oxygen
demend deplete the dissolved oxygen content of the water, are broken
down by bacterial a,cticn vithin e rela‘bively short time after they
enter the river, end the river appears to have recovered completely
frem this pollution at a distance of 12 t0o 15 miles below the source of
the Sylvenis 9ffluent. The principal permanent alteration in the con-
tent of the weter is the addition of sodium eulphate,

The principal cpmereigiﬁshec caugh’ in the region between
Fredericksburg and Ta.p_pahannock are shad, at.riped bags, alewives, glut
herring, white perch, end white catfish. It is impossible to deternine

w_ith any degree of accuracy the proportion of the tolal commercial
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catch of Virginie that is taken in this region, for the State does
not collect statistics on the commerciel catch, and the information
gathered by the U. S. Fish and Wildlife Service is of questionable
accuracy for this purpose. On the basis of available information,
however, during the period 1929-1947 the commercial catch in the
Reppahannock has 1ncrease§ ?elative to the enti;e Virginie catch.
Furthe?more, this trend parallels closely the catch trend in the York
River and 1tq tributaries, rivers that are relatively free from
pollution of eny magni_tude.

No 1ntﬁrp:etapion is offered of this epparently favorable
picture} Since total catcp ig of no_value ag an index of abundance
unless adJuated_to compensate for changes in fishing effort, it cemnot
bp copcluded thAt no harpful gffecta are present in the river. The
Laboratory is sgve;e;y handicapped in this, &s in other investigations
by the lack of adequate statistice on the commerciel fisheries.

0f the 50 species of fishes collected in the Reppshannock
River during the course of the survey, 13 were marine, 8 were
angdromoue, 5 were rormally upland stream species, and 24 were species
that live in yhis gection of the river throughout life, In general
ths fish faunas of the Rappshannock and Pamunkey Rivers ere similer,
apd the slight differences probably can be expleined on the basis of
sampling variation.
| _ In general, along the shore zone, fishes become progressively
more abundant per unit area from Fredericksbwrg to Teppshamnock. By
far the most dbundant.spgcies in the section below Fredericksbwurg was
the mummichog, a fish that normelly lives in salt mershes. By minnow

geine, 22 epecies were taken in thie section of the river (section III)
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as 90mpared_ with 20 species in sectipn II, and because mummichog were
relatively o.btmdant' in se:tiqn IIT (absent in section II) slightly more
fish per unit net haul WEre ceptured in the wpper section of the river.

Whan the con_cent;:ation of dissolved oxygen reached values
below 50 per cent of saturation the numbers of fishe_s caught in minnow
seines were considerably reduced. It is believed that this reduction
in numbers was caused by direct avoidance of the area; rather then by
mortality, for practically no dead fishes were found in the river dwur=~
ing the survey. This 18 in pontrast to thg condition in the James
River neer Hepewell, where rather large-scale fish mortalities are
of'ten observed aslong the edge of the polluted area.

) The density of fis}'xes _in the shore zone of the Rappahamock
R_iyer is approx_i.mat'ely the same as in the Pamunkey, although the
Pamunkey Bive;' eppears to support e somewhat greater veriety of species.
S:b_rijgeg bass and.bwhi_te perch were relatively more abund_ant in the
Rappahannock; shed, alewives, and glut herring in the Pamunkey.

o Fishe_s were less abun_dant along shore in section II of the

Reppahannock then in the compearsble sections of the Pamunkey and
James Rivere._ Bince no pollution exists in this section of the Pamunkey,
whereas the James 18 heavily rolluted in the seme region, the most
obvious conclusion is that the middle section of the freshwater tidal
waters of the Rap?ahmm_ock is naf.m'ally less productive.

) Trawl hauis made in the open waters of the Rappahannock River
indicete that in general the‘abimdance of fishes tended to increase in
e _downstream direction. It is mtmrthy that no fishes were teken at
station 89, Jjust below the point of outflow of effluent from the

Americen Viscose Corporation Plant. River section III contained about
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10 per cent of the glufc herring, ;5 per cent of the alewives; and 25
per cent of the ehéd caught by trawl in the entire swrvey erea. When
oxygen values were :below 50 per cent of saturation, no fishes were
collected in the trawl.,

~ Although fishes were less abundant in the offshore waters
of th_e Mattaponi th:an in the Rappahennock, the more impcrtant com-
gnerci_a_.l species ( _ahad., striped bass, and glut herring) wesre more
abundant in _the Mettaponi.

Shad spawning in 1951' commenced in March and continued until
about the middle of May. At least half the spawring was concentrated
in the period April 16 to 25. Although shed eggs were found from
station 58 to station 85, over 70 per cent were taken in Portobago
Bay (station 64), almost 30 nautical miles downstream from Fredericks-
bwrg, It must be remembered, however, that although relatively few
young shad were teken in the river, these were most ahndant upstream
from the majpr apawniné ares, where they might be subject to the
effects pf wastes. Surveys in other V;rginia rivers have shown that
young shad dispcoise upsiream from the aree of major spewning dwr'ing
the s'mmer menths. ) _ |
) B S_triped bass spewning in 1951 was restricted to late April
and eariy May. The center of spawaing occwred in the vicinity of
station 50, although eggs ocourred in hauls as far upriver as station
81, only 12 miles below Fredericksbwrg. _

_Availeble information seems to indicete that alewives, glut
herring, and hickory shad spam throughout the entire freshvater tidal
section of the Reppahannock River, Since we are not able to distinguish

between the egzs of these three species, no conclusions can be reached
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rgga.rding :bhe:lr _individual spawning distributions. Spawning intensity
was somewhat greater in section II of the rivér.

Menhp.de_n larvae were rather ebundant in the lower reaches
61"_ _the survey area until late April. The young were sbundent in
shallow water near shore in summer . 4

Other clupeid larvae (including probebly shad, alewives,
glut herring, hickory shed, and gizzard shad) were most abundant at
station 72, On;Ly 5 per cent ¢of those collect_ed. were captured in river
section TII. Larvae of this group were _J.ess abundent in the Rappa~
hennock than in elther the Pemunkey or Mattaponi Rivers.

_The larvee of ell other fishes (pro‘bab}.y nmainly white perch,
striped bass, killifish, end minnows) were most abundant betieen
stations 41 and 50, Only 2 per cent were caught in section III of the
river. These larvae also appeared to be least abundent in the Rappa~
hanmnock River.

B N The more common drift;tng invertebratep occurred in greatest
sbundance from station 54 to station 58, and gradually deweaéed’ in
numbers upstrean to Fredericksburg.

Planktonic algee reached ‘two peeks of abundance during the
survey, £irst during crulses 6 to 9 end second during cruises 1k to
17, Diatomsvin_ general increased in abundance upau'eaﬁ to station 85,
than fell off rapidly in mmbers toward Fredericksbwg. Filamentous
and other non-filamentous algee, on the other hand, were most ebundant
from station 50 to station 6l, where tremendous ‘blooms occurred in
Portobago Bay and its vicinity. _Co;;pp_ods ’ cqpepod nauplii, and gotifers
elso tended to show two peeks of abundence, each occurring somewhat

later in the season than the two pesks of algal production, The region
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of gre_a:test production pf zodple.nkj:on was also in the vicinity of
Portobago Bay. The relat_:»lﬂvely great plvankton p:‘pduction in <his
regiog of intense sh_a.d _spaynihg_ is perheps favora_l_ale for ths suwrvival
of shad d}xrin_g the larva:'!_. and ee.rly_ postlarval stages. No conclusions
cen be drawn et present as to the cause of the phytoplenkton blooms in
this region.

Downspream from Fredericksbwrg, es shown by surveys of the
U. S. Public Health Service (Appendix I), the numbers and types of
bottom organisms_‘w_ere chfa_racteristic of a heavily polluted streem.
The zone of degradation and decomposition extended from the point of
outflow of the Sylvanie effluent downstream for a distence of 4 nautical
miles. The zone of recovery extended aﬁothe;' 8 miles downstreem. Be-
low this zone, the bottom organisms di_d not appeer to be affected by
pollution. A control survey in the equivalent section of the Pamunkey
River revealed no such evidence of response to polluted conditions.

During the period June 4 to October 10, 1951, approximstely
4 per cent of the river area and 2.5 per cent of the river volume
between Fredericksburg and Tappahamnock were subject to dissolved
oxygen concentrations below 50 per cent of saturation. In the Pamunkey
and Mattaponi Rivers the concentrations was not observed to fall below
this l_e_vel. Above and below this low oxygen zone, which appears to be
agsaciated with the introduction of domestic and industrial wastes at
Fredericksbwrg, the Rappghamook exceeded the York River tributaries
1n. oxygen eontént. The low oxygen zone extended dovnstreanm from
station 85 (6 ;niies below the Sylvania plant) on only one cruise. On
this occasion, Avgust 17, 1951, the oxygen concentration fell below

50 per cent saturation from station 91 to station 76 inclusive.
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3 A dissolved oxygen content_ of 5 parts per millicn h,”'sf been
setha:cbiu'arily by some al{thorij:ies as the level below which aguatic
org_a.nisms suffer distress and may die. Except on one occasion, at
a_‘lgation 58 on cruise ll,h the dissolved oxygen content in the Rappa-
hemmock River__dic‘l not fall boflowj Pspems farther downstream than
station 76 (table A-2). In the Pemunkey River the oxygen content
f.e_ll_"balow this velue a:tg stat_i_on 5T on August 11, 1951, and in the
Mattaponi on August 14 all stations from 27 to 50 inclusive yielded
values below 5 p«p.me __It is not unive:_rs_a_uy agreed that the 5 p.p.m.
level represents the danger point for aquatic organisms. Some in-
vestigators have shown that certain fishes and other animals cen sur-
vive at lower concentrations. Since the capacity of water to hold
oxygen in solution veries inversely with temperatwre, it would seem
reg.eogable fof _b}ological purposes to report saturation values rather
then ebsolute quantities. Somewhat erbitrarily, we have set the 50
per cent saturation level as the lower limit of tolerance for fishes.

Hydrogen 10_1; cgr{centa'ationa » repre.sen’oe_d by PE velues, were
close_-to T¢0 in the Rappshsnnock, Pafm_nkoy, and Mattaponi Rivers.
The range of pH observed in ‘the‘ Reppahannock was 643 to 9.0, the high
readings coinciding with the intense phytoplankton bloamse Although
these high PH values may be detrimental to some fishes, there is no
evidence that their occurrence is in any way related to conditions in
the Fredericksbwrg ereas o
__ Only the lower reaches of the survey area were subject to
salt water intrusion. The upper limit of brackish water sometimes
rea_ched__almoajc to station 50, mrmal;l.y the boundary between salt and
fresh water lay between stations Ll and 45,
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~ Excluding all stations downstreem from station L5, the
average _sulp}za.te coptent of the Reppahannock River water incvzased
_1’r~om an average faf about l5_’p.-p.m.‘ at station 45 to an average of
about 25 p.pam. at ﬁhg Sylvania plant. Between the plent and Fred-
ericksburg, the sulphate load dropped aharply_ to an average of less
then 5 p.p.m., the normal load of the upper Reppehamnock. Sulphate
in the Pamunicey River veried from 8.5 to 124 p.pam., and in the
Matteponi from 5.2 to 6.9 p.p.ms The concentration of sulphate in
the Rappahennock below the Sylvania plant varied inversely with river
runoff, from an aversge of sbout 10 p.p.m. at the end of March to
epproximately 80 p.p.m. in August. There is no evidence that the
presence of sulplmte_ in un’ue!uglly high concentrations in the Rappa-
hennock 1is det,x_'imentel to aquatic life. )

_Wa.teg' temperature conditions in the Rappahannock River aa
ng'-b differ materially frp_m those in other Virginie streems. Although
water teyperatum flugtuated in response to cpanges in air temperatwre,
in generel the temperature increased from an average of about 11°C, in
April to about 29°C. in August. )

. _ Turbidity of the water, as measured by lgl.ght penetration,
wes greatest in the region of station 41 and decreased graduslly in
en upstream direction. Deviations from this trend were associated with
fluctuations in river rmoff.
Although the entire Rappﬁhannook below Frederickeburg is aub;
Ject 0 tidal oscillation, the d\rgtion of ebb decreases upstrean.
No reverse flow wes observed at station 91,2 and 93.6, during the

weekly hydrogrephic cruises, although en appreciable rise and fall
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qf water level was notéd. _Abgve utaﬁiog_72 the approximate averege
rete of downsireem drift wes about half e knot, below this poiat to
station 37 the approximate aversge was sbout one-sixth of s knot.

B Information on the_ mo_vem_ents o_i_‘ the pool of low cxygen ‘
wgter ;n the Fradericgsburg area was dptained through series of samples
teken at short intervels of time. Apperently the effect of tidal
agtion causes this water to oscillate up and down stream for a dis~
tance of about one mile wnder conditions of low runoff. _

' . ?he principal effecﬁ 9f‘the introdpction of domestic.and_in-
dustrigl wastes Ento the Bappahannock B}ver at F?ederickeburs sppears
to be a significant increase in B.0.D. and comsequent reduction in
dissolved oxygern. Tyg greapaffected in 1951 e;ten@e@udownetream
from Fredericksburg an average of eight miles and a meximum of 18
miles. These fluctuations appeared to be ;elated to veriations in
river runoff. The productiog of invertebrate fprms vas severely de-
pressed within this region, aﬁd fishes in general were effectively
blocked from yhe ;egion when dissolved oxygen content fell below 50

per cent of saturation,
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CONCLUSIONS

gn the basis of the infom_ation gathered dm'i_ng 1951, the

follw}ng enswers to the questions raised by the American Viscose

Corporation can be glven.

1.

2

Spawning_‘of shad and tripgd _ba..ss » the two most important
commercial fishes in the Reppahannock River is restricted

tp the spring period and occwrs almost entirely in the lower
pa.}ft of t_t;e _x:iver ,_well below the region o;' pollution. The
spawning areas of alewiyes, glut herring, end hickory shad
extend into the region affected by wastes, and the possibility
exists the.t the production of thege species may be affected,
The area and volume of the river affected by wastes, however,
?eprepents 8 rat?_xer small proportion of the total water
availab_.‘;e for spaw_r;ing._

In the absence of adequate statistics on the commercial
fisheries of Virginia, i{ is impossible to assess the rqla.-_
tive contribution of the spawning grounds in the swrvey area
to the entire fisheries production. All spewning of shad,
striped bass, aleyives, glut herring, end hickory shad,
species of considerable commercial importance, occurs between
Fredericksburg and Teppahannock, - As & shad spawning stream,
the Reppshamnock sppears to be intermediate between the two
tributaries of the York aon the one hand, and the James River
on the other. There is some evidence that commercial fish-
eriesvproduction in th-e Rappa}zannack and York Rivers has

increased in recent years relative to the production of the
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entire state. This increase, however, might be caused by
conditions outside the river itself.

There is little evidence that conditions in the Fredericks-
burg area cauge direct mortelity pf 'either young or a.dplt
fishes. However, the young of shad and other commerciel
speci es .:jema.i_x_z in fresh water for. some mon_tha be_fore_ migrate~
ing seaward, and when conditlons ere favorsble, are able to
traverse the river to Fredericksburg. During periods of low
runoff, when dissolved oxygen is also 1oﬁ, the young may be
prevented from entp_r;ng_ the upper 8 to 10 miles of nureery
grounds otherwise available to them., Others may become
igolated in the short stretch of river between the dam at
Fredericksburg and the Sylvania outfall as demonstrated by
the cepture of young shad in this region in }.ate September

g table 34). These fish were somewhat abnormel in structwre,
a co_mitio_r; thp_.t is often associated with restricted space
end aetypical water conditions.

The edaition of waste definitely affects the production of
bottom organiems in the region immediately below the &ylvania
plant. The absence of fishes, and reduced sbundance or sb-

_sence of drifters and plankton forms testifies to the low

productivity of this stretch of river. In t_hq absence of
westes, an additional 10 to 15 miles of stream, represent-
ing sbout 4 per cent of the totsl ares end 2.5 per cent of
the volume of water bej:weqn Fredemick_s_burg and Tappashannock,

might be restored to natural biological productivity.
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Since no significant fish mortalities were observed in the
.:jiver’,_ 1t is presumed that the zone of pf:llt{tion and recovery
acts as & barrier to fish movement. As already stated, some
£ish may traverse this eree under favorable conditions of
digaolyed oxygen and bgcome isolated between the Sylvania
p}ant and t.pe dam at Felmouth when oxygen content of the
water decreases. It is not known whether this has a
significant effect. on fiqh production in the river.

Reduction of the waste load in the river might result in an

~ inerease in production of fishes. Assuming that such an in=

crease would be proportional to the increase in river area
or volume restored to netural productivity, the advantage
conferred would be of the &der of 2.5 to 4 per cent, How-
ever, this is pwre conjscture. Actually, as shown by the
surveys in the York River tributaries, the upper parts of
the tidal portions of the estuaries are less productive
bi_c'glog_ically. Therefore, their capecity to support youngof

shad and other ocommercial species is probably rather limited.
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APPENDIX I

Distribution and‘ Abundance
of Botj;om_ Organisms
in the Rappahannock and

other Virginia Rivers.



RAPPAFANNOCK RIVIR POI._LU{I.‘ION INVESTIGATION
Biological Stinires cn the Reppehannock and Parunkey Rivers

Chairles M. Weiss
Biologist
U.S. Public Health Service¥*

These studies were carried out in conjunction with a chemical
and bacteriological investigation of the Reppahamock River performed
by a Fileld Survey Crew of the Envirommentel Health Center, U. S.
Public Health Service, R, Vanderhoof in charge. The work of the
Field Swrvey Crew was at the request of the Corps of Engineers who
desired an assessment of pollution in the river and the benefits to
be derived from low water regulation from e proposed dem on the
Reppahannock River.

- " The biological studies are intended to supplement the chemical
and Yacteriological information. The types, numbers and distribution
of squatic organisms are helpful in demonstrating the extent and

degree of pollution in a stream. The biologicel studies on the Rappa-
hannock and Pemunkey Rivers were limited to a sampling of bottom
organisms. This type of biological information is particularly useful
where there are fluctuations in pollution discharges or river flow or
river oscillations due to tides. In addition to the sampling of this
Investigation there are extensive plankton and fisheries collections
available from the sections of the rivers under study. These collections
vere made by the Virginia Fisheries Laboratory over a k-5 month period
preceding the cwrrent studies. The bottom samples round out the avail-
eble biological information on these rivers.

Bottom samples were taken with a Peterson dredge at all
statIons on the Reppehammock River downstreem of Fredericksburg, Vir-
ginia on the swrvey of October 2, and 3, 1951. The upstream stations
were pampled by hand by random collections from eppropriate bottom
materials. The dredged samples were sieved in the field through a 30
mesh screen., Relative estimates were made of the organisms present at
ell stations and specimens of each type were taken and preserved for
speclfic identificatioh, The physical characteristics of the river
bottom were described at each station, The collections were made under
optimum river conditions for determining the effects of pollution,
following an ex*“ended periocd of low flow.

In addition to the field sampling from the Reppehannock River
duwring the first week in Qotober a second series of samples were taken

* Divigion of Water Pollution Control
North Atlantic Drainage Basins
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one month later on November 6. These semples were taken at a serics
of representative swabions for comparison with the dats ¢f the Qcohcber
sirvey. Eleven stations in all were rezampled. This swrvey was
cerried out from boat facilities providsd by the Virginia Fisheries
Laboratory. The bottom samples were taxen with an Fkman dredge and

a quantitative analysis made of the bottom organisms.

In view of the natwral changes in the ecology of the tidsl
ptreems it was felt that a swvey of a non-pclluted stream which
would duwplicate the ecology of the Reppahannock, in its tidal sector,
would provide information that would help to evaluate the conslderable
fluctuntions in numbers of bottom orgenisms that were found on the
Rgpnehelnock. TFor this purpose the Pamunkey River, flowing pareilel
to ‘and a few miles gouth of the Rappshannock was selected. Ricven
stetions were sampled on the Pamunkey River at locations coinciding
with stations of the Virginia Fisheries Lahcraicry and in approximately
the same length of river as the polluied and recovery zone of the
Reppehamnock- This is a distance extending from the head of tide down-
stream for 18-20 miles. ~Boat facilities were again provided by the
Virginia Fisheries Laboratory. The bottom semples from the Pamunkey
were sampled and anslyzed quentitatively.

The results of these studies are summarized for each river
in a series of tables. These describe the physical characteristics
of the river botioms at the sampling stations, the general types
and numbers of bottom organiens at the sampling stations and the
specific identifications of aquatic organisms and stations at which
they were encountered.

There ere no significant sources of pollution on the Pamunkey
River and it served as a control for the Reppahennock River. There are
two principal pollution discharges on the Reppahannock in the ares under
study, one from the city of Fredericksburg, Virginia consisting solely
of sanitery weste with & dally population equivalent (B.0.D.) of sbout
17,000 and arother from a large industrial operation with a daily
population equiveleiit (B.0WD,) of about 59,000. At present neither
discharge receives any treatment. The effluent locations sre noted
on the map of the Rappehsnnock River. Sampling stetions A,B,C,D,E,F,G,
and H,K,N, and 0, as noted on this map, are the same locations as used
by the Environmentel Health Center Field Survey for their sampling
points. The stations downstream of Fredericksburg also coincide with
stations of the Virginia Figheries Laboratory studies, Stations noted
A-l, A-2, etc. are supplementary stations used in the biological studies.

" AT Ythe twenty-eight statiops sampled, in the October survey
on the Rappahannock River from Fredericksburg downstream, all but one
had a soft mud bottom usuelly overlying a base of coarser sand.
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(teble 1) Statlon D=6 at a sharp narrow bend in the river, had a
pebbly bottom apparently resulting from the scowring action of the
water removing the finer materials at this point. The bottoms of
the upstream stations usually consisted of soft muds in the back
eddies and hard pebbly bottoms in the riffles, The layers of the
dredged bottom samples all contelned varying amounts of natursal
organic matter in the form.of plant debris. At some stations this
plant debris ih the subswurface layers comprised a large proportion
of the totel Bample volume. In the stretch of the Rappahannock
River from stations A-3 to B-k, a distance of 4,1 miles (nautical) *
the surface layer of the river hottom wes black with a soupy sludge
like consistency. At some points in thie section, an oily irridescent
film was noted on the surface of the bottom mud., The river bottom
between stations A-3 and B-l sppeared to be under anerobic conditions
and the ares coincided with the zone of meximum pollution effect as
indicated by the low oxygen values obtained by the Field Survey.

" The fauna and flora sampled from and observed in the Rappa-
hanmnock end Rapidan Rivers, upstream from Fredericksburg, indicated

a clean stream free of pollution. There were e variety of plants

and animals at each station with no unusual d ominance of any one type.
Snails were noted at gtations N and O in considerable mmber but were
aell of gill breathing species, which require adequate dissolved
oxygen. (Tebles 2 and 3).

" From Fredericksburg downstream, the numbers and types of
bottom aguatic orgenisms presented a typical picture of response of
the biota of a stream to heavy pollution. At station A, above the
pollution effluents the bottom showed no evidence of obvious pollution,
but no bottom organieme were noted in the semples taken, However, the
physical characteristics of this station were not conducive to a large
bottom population, consisting of a thin silt layer over very coarse
sand. The next two stations A-l1 and A-2, also upstream from the
first source of pollution, the effluent from the city of Fredericks=-
birg, sre apparently subjected to some contributions of organic
matter due to the tidal movement of the river. A few tubificid worms
‘and ‘chironomid larvae were noted in the bottom sample teken mt this
station,
- Stations A-3 and A-lu oppoﬂto and below the ﬂrst gowrce
of pollutdon, respectively, had only & fev tubificid worms in the
Jbottom sample and from this poinh.downstream to station B-I the bottam
samplea ehowed & paucity of orgeniemg. At station A-5 only a snail

m_ggsg__g;wm s ince very Low mmbcu, vas noted vherems at
station B enother species of mbail (Helisoma sioeps)and a very few
spacimens of the fresbwater clam (Nusouliun trgugversun) were found

in addition to tufts of the bluewg -. ' Ao toria sp. on the
em-faco or the mud. All theae organima aro pollution tolqrant types.

oy

* Distances on the t1dal sectors of the Rappshamnock and Pamunkey |
Rivers are measured in nautical miles since the distance and loca~
tion net established by the Chesapeske Bey Institute for the en-
tire Chesspeske Bay area is measured on this base.
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At the next station there had been a set of the clem
M. ¥ransversum, but growth had been epparently limited. Six-tenths
of a mile downstream at station B-2 the same speclies of clem was
again found but here the specimens were of mature size, and of more
significance they were actively feeding. The shells of this species
of clam being translucent, ingested material can be seen, particularly
when of a contrasting color. In thie case all the clams appeared to
be black inside the shell sinhce they had been ingesting the bottom
mud to utilize the organic matter in the mud. This is noteworthy since
the clams are gill breathers and require dissolved oxygen. Through
station B-i where the black bottom ended, "black" clams were noted.
With the termination of the soupy black mud on the surface of the
river bottom the numbers of the clem M, transversum increased enormously
reaching a peek at station C-2 where the population was on the order
of more than 1000 per sq. foot of bottom surface.

"Paralleling Ythe increase in the clem population, the chiron-
omid larvae also increased. It is of intereat to note that whereas the
chironomid larvae were found at stations B-2 and B-3 and then again
from station C through D-1 the tubificid worms did not appear asgein in
the bottom semples until gtation C-I after last being noted at station
A-li,” The tubificid worms continued to be found at nearly all down=-
stream stations working over the natural organic debris while the larvae
of the chironomid, Tendipes decorus (a red specles) disappeared and were
replaced at the farthest downstream stations by larvae of the chironomid,
Clinotanypus sp., {a yellow species). At the one hard bottom stetion
sampled, D=4, & plansrian and a leech were found. A leech was also
collected at station D=6, The downstream stetions E through H were
‘cHeracteristic of non-polluted waters in that there were more types of
afjuatic organisms but each group was represented by fewer mmbers. The
larvae of the culicid fly, Cheeborus punctipennis, was noteworthy in the
hottom samples since it has been reported as being tolerant of very low
oxygen concentrations.,

The Feswvey of the Rappshennock cerried out on November 6,
1951 showed tliat even within the month since the original sampling,
changee had tsken place in the distribution of the bottom organisms.
The black bottom which previously hed extended only to station B~k
wes now noted to extend 1.5 miles further downstream as far as station
C~2. This shift was most probably due to an increase in run-off result-
ing from a meries of heavy rains. At stetion C-2, a sample taken neear
the shore btrought up the black mud but another sample taken in the
channel showed s sandy bottom. The distribution of organisms and their
nimbers on the Feswvey ere shown in Teble 4. AB in the original
sampling, the largest clam population was found at station C~2 mmber-
ing sbout 2800 per sq. £t. of bottom in the second swvey. The magni-
tude of this clem productivity is emphasized - /compariaon with samples
reported from the Illinois River. Richardson investigating the

1/ Richardson, Robert E. The emall bottom and shore fauna of the
Middle and ILower Illinois River and its conmecting lekes,
Chillicothe to Grafton; 1te valuation; its sowrces of food
supply; and its relation to the fishery. Bull, Illinois
State Leborstory of Natwral History. XIII,» 363-352. 1919,

.h‘
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effect of pollution from the Chicago Drainage Canal on the Illinois
Rivér reported the lergest M. transversum sample teken at 3496.9 per
-square yerd. This is approximately e clam concentration of 388 per
square foot, in comparison to the 2800 per square Ffoot on the Rappa-
hannock. In addition to the clam M. transversum, another species,
Pigidium sp., was also mresent in considerable numbers, reaching a
peek of 880 per ag, ft, However, this clam population consisted
completely of young stages.

Of particular note in the changes of bottom organiems was
The presence of the larvee of the midge, Chaoborus punctipennis
et stations B~ and C~2 in addition to stations F and H where it
had been found on the first survey. Paralleling the downstream
shift in the black bottom considerable numbers of M. transversum
were noted to have recently died, their shells were open but still
Hinged together or their soft parts were decomposing. Dead clams
averaged sbout 30% of the total M. tremsversum population.

The control siwrvey on the Pamunkey River showed both a
difference in bottom characteristics and organisms assocliation from
that Touhd on the Rappshamnock., Nearly all the bottoms sampled on
the Reppahannack in the tidal sector were soft muds or cleys over
coerser sand whereas On the Pamunkey nearly all the bottoms sampled
were fine to coarse sands. (Teble 5).

o Both in nwbers and species the bottom organisms of the
Pamunkey differed from that found on the Reppahamock. (Table 6 and
7). The dominaiit clam of the Rappahennock, M. transversum, was not
encountered in any of the bottom semples teken. However, it may have
been present but in so few numbers that it wes not sampled. In con-
trast the considerably larger species Elliptio complanata was the
dominant pelecypod on the Paminkey River. This speciea was found over
e distance of 7 miles from stations E through H reaching a peak in
numbers at station G. An unusual concentration of these clamsg may
be present near the south west shore of the Pamunkey at station J.
Attempts to obtain s bottom grab at this point were unsuccessful,

The heevy Peterson dredgs would hot dig in but would nip off a few
clamg at each loweri¥g, 'here may be a clam "reef" at this point.

The reported sample at station J was taken from a softer ’oottom toward
the north east shore of the rivers: ,

valapping at the upstream edge of ths stretch of the Pem~

unkey River in which E. _@M%:wmed was a zone dominated by
the snall, ggg% gube 8 zZone extended for 3.5 miles

from dtetitns D 8 spedies was found in the first survey on
tha Rappahannock at’ siatiaas D and D=1, Just 3.3 miles from the edge
of the zone of degradation and within the zdne of recovery. This snail
species 18 a gIll breather and therefore requires dissolved oxygen in
its immediate aquatic envirommeht., There weré no uiusual mmbears of
orgenisms on the Pemmkey that are * usurlly associated with severe
pollution conditions.

-'5-
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- It 18 of interest to note that the bottom sample taken at
station G on the Pamuikey River contailned a fossil shark tooth. This
tooth wes identified @s belonging to a genus of sand shaerks (Carchariae)
and probably of Tertiary origin.

- On both rivers two .species of clams were the dominent bottom
organisms. On the Reappahannack, M. transversum achieved the dominating
role end on the Pamumkey, E. gomplanate. In comperison, on a mmerical
basis, the Rappahannock’ appeared to be the more productive river
achieving in the peek sample sbout 2800 clams per square foot., How=
ever, comperison on a welght basis presents a different picture of
productivity. Representative samples of the two species, indiceted
an average wet weight for M. iransversum of .0937 gms. and 304.2 gms
for E. complanata. Thus on a: wet welght basis the productivity on the
Peminkey River based on the meximum ¢lem semple wes 12,168 gms per
square foot but only 262,3 #ms per square foot for the Rappahannock
River. Although the Rappahammock productivity analysis accounts for
only M. trangversum, the young of the other clem specles present,
"Pieidium sp. was even smaller than M. transversum, aversging only
sbout 1-1.5 mm in lergest dimension, and their contribution to the
total productlivity on e welght basis can be considered negligible.

It appeers that the contribution of mutrients to the Rappehannock
River by the organic pollution ensbled e surge in productivity. How-
ever, this was limited to pollution tolerant species and on a weight
basis did Hot compare &s well with the clam productivity of the non-
polluted Pamunkey River.

In Summary, based on the physicel characteristics and the
distribution and numbers of the bottom organisms ih the Rappashannock
River, the zone of degradetion and decomposition early in October,
extended from station A-3 to B-4, & distance of 4.1 miles (nauticel).
The Zone of recovery extended from station C to about station E, a
distance of 8,0 miles (nauticel) and for the remainder of the river
that wvas examined the bottom orgenisms did not appear to be materially
affected by the upstreem pollution. The comparstively short distances
involved is of cowrge a result of the tidal action in the river which
tends to. limit downstream movement of polluting materials and com-
presses the zZones of pollution effects.

o The unusual numbers of fresh water clams found in the Rappa-
hannock River is of partioular interest,, These botton organisms are
present In the numbers observed due to the faoct that an unusual food
swpply has developed which can support this large population, which ft-
self is tolerant of pollution. In twn the clams are very actively -
working over the arganic matter in the river bottom utilizing it as »
sowrce of food and simultaneously stebiliring the organic materials,

- The exrichment of the Rappahannock River by organic pollution
ensbled the dsvelopment of the enormous mumbers of the cla% txans-
versum. However, this emrichment did not swrpass the total clam
productivity, on a welght basia, of the Pamunkey River. The natwral
rroductivity of the latter stream maintained a weight of clams, at the

n6w
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best station sampled, of more than 46 times that found on the Rappa-
hammock River. It should be noted, howevei, that the pill clems be-
longing to the family Sphaeriidae serve as food for many species of
fish. Thus the Rappahamnock with the fish food chain supplemented
by thé enormoiis number's of M. iransversum may sustain a greater fish
population than the Pamunkey along the comparsble stretches of river.

. Ackiowledgement: This investigator wishes to acknowledge the identi~
fication service provided by the U.S. National Musewm for most of

the ‘insect larvae and molluscs collected in these studies. Ir. Bobb
Schaeffer of the American Museun of Natwral History identified the

shark tooth and Dr. Libbie H. Hylan of this seme institution identi-
fied some of the other invertebrate forms. .

-7-
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Reppahannock River Pollution Investigation

Biological Studies

October 2, 1951

Surface Leyers Sub=-Surface
Layers
Color . * *
»» B : LR -f-’u
Rivery 5‘»3 32 g gggsg g§§§
Station Mle 1 _&d o mA ) A O _Remarks
A- 93.5 x p 4 1 x 1
A=) 93.3 x X 1 x 1
A=2 93.0 x x 1 x 1
A=3 92.9 x x 1 x 1
A=k 92,8 x X 1 x X 3 Top layers
- soupy & olly
A-5  92.k X x 1 x x 1 As A-b
B 91.3 X X 1 x 1As A-b
Bl  90.4 x x 1 x 1 Sur.mud soupy
B=2 89,8 z z 1 x 1l As B-1
B+3  89.2 x X 1 x 3 As B~}
B-lt 88.8 x X 1 X 1 As B-l
c 88,6 x 2 x 2 Subsurface lay.
dk. coarse san
C<l 87.8 x X 1 X lAsC
c=2 87.3 x X 1 X lAasC
C=3 86.7 x X X 1 x 3
c-b 85.8 x x x 1 x 2
D 85,2 x x 1 x 1
D=1 8.1 x x 1 x 1
D=2 83.1 x x x 1l b4 1
D=3 82.5 x x - 2 x 2
Dk 82,1 x x x 2 x 3
D=5 8L.6 x x x 1 x 2
D=6 81.3 X
E- 80.6 x X X x 1 x 2
E-1l 8.2 = x 1l x 2
F 76.3 % X X X 2 x 3
G T2.3 x X x 1 x 3
H 68,2 x x 1 X 3
K 35 x x 1l x 2
N 13Hex X X - x 1 x _1
0 6.5 : X o
* Ap « Quantity” e Stations A through H doimstresm from
= (1-10% of seample) Fred. “River miles {nautical) from zero
e = (10-25% ") point at mouth of river. Sta. XK,N0, up-
3 - (25-50% ") stream from Fred. Distances upstream in

*%% On Rapidan River. River satatute miles with zero point at Fred.
niles MeaduFed from confluence -8 .

with Rappahannock River.



- 183 -
Table 2

Rappahannock River Pollution Investigation
Biological Studies
October 2, 1951

BOTTOM ORGANISMS
nsect
~Lervae nails|Clams Algae
R s | i .
0 o o
Q l : 814 ) :8’5“ 2 3'
g9 3 S § gje 3 g Bl o~ § E
ol 3 ord [o] [}
o o g A& g L FR g 8B g.‘
“d 2 yes 8|8 Ybe|B8e e
v 9 8 58 255 2158 g.gggj
Station Mile*a O OoH o MDD GRS —| | Remarks
A 93.5 No organisms in sempl.
A=] 93.3 1
A-2 93.0 1 1
A-3 929 1
A"ll' 9208 l
A-s 9201"' 1
B S1.3 1 1 1 Algae growing on bot.
B~-1  90.k 1 Clems set but did
not grow
B-2  89.8 1 1 Clams black from in-~
gesting mud
B~3 89.2 1 1 Clamp black
B-4 88.8 1 Clams black
C 88.6 1 1l 12
c-1 87.8 1 3 1 Algee growing on bot.
c-2  87.3 3 14
0"3 8607 3 3
D 85.2 2 2 1 13
D-1 g8kl 2 2 1 2
D-2 83.1 1 2
D-3 82.5 ¢ 1
D-lt 821 1 1 Broken shell of Un:
D~6 81.3 1 1l 1
E- 80,6 1 2 -1
E-1 7.2 1 2 1 1
T 7.3 1 1 1 1
¢ 72.3 1 1 1
K 35 2 Many small fish
N 13 2 3 2 Many small figh
o 6,5 2 3 2 Meny emall figh

*#Stations A through H dowhstream from Fredericksburg. River miles (naut.
measuwred from zero point at mouth of river. Stations K,Nx0 upstream from
Fred. Distances upstream in statue miles from O point at Fred. Sta. N is
13 miles up Rapidan River measwred from confluence with Rappahannock Rive:
Numbers indicate estimated populations per squere ft. 1,<10; 2, 10-100;
3, 100‘10003 h‘, ) 1.000. - 9 -

o
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Reppehammock River Pollution Investigation

Blologicel Studies
October 2, 3, 1951

Organisms Collected in Bottom Semples

Organd smg

Algae

Cyanophyceae
Oscilla’cozia gD,

Chlorophyceae
Cladophora sp.
Spirogyra ep.
Ulothrix sp.
L SACC S

Turbellaria
Dugesis tigrina

Annelids,
Tubificidee

Hirudinea
Glossiphonia &p.

Mollusca
Pelecypoda =~ =
Andonta cateracte Say
Elliptio complanetus (Solander)
Lempeilig ochraceus Say
Musculium Trensversun Sey

Pie :I.dium cogreasun Prime
Pisig ap.

Gastropoda
Ferrd seia tarda Say

Gonig aais “virginica (Gmelin)
Heli S0mE, ANCADS hZenke
Tioplex cerinate (Say)
Mzﬁia carlnata (Brugiere)

gzsa hateroetropha (8ay)

.-

- 10 -

Stations

D=6

A-1, A-2,A~3,A=4,C-},
D,D"l ,D"'2 D"3 ,D"l{' ,E,
E"l,F ,G' H.

D=4, D=6

c-2

G, F

C, D
B,B-1,B~2,B-4,C-1,C,

c-2 c-3,c-l+,n,n-1 D=2,

D-3,D-5,E,E-l

B _
C,D=1,C~2,C=3,C~,D

D=6

N

B
D,D-1
N,0
A=5,C
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Table 3 (continued)
Reppahannock River Pollution Investigetion
Bioclogical Studies
October 2, 3, 1951

Organisms Collected in Bottom Samples

Organi_qms Statlons
Insecta i
Tendipedidae (Chironomidee) -
Tendipes decorus (Johannsen) A=2,B~2,B-3,C=1,C=2,C=3,
¢=-4,D,D~1,D=5,E,E~1
Clinoﬁanypus 8D E,E-1,F,G,H
Culicidae B
Chaeborus punctipennis (say) E-1,¥,G,H

Hydropsychidee (Caddls flies)
Hydropsyche sp. K

Elmidae (Beetles)
Mscronychus sp. ‘
Mecronychus glebratus (Say)
Stenelmlp 8P,  °
Simsonia vittate (Melsh)

"R RA.

Bryozoa
Plumatella sp. D=6

-ll-
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. Table U ' _
Rappehannock River Pollution Investigetion
Biologicel Studies
November 6, 1951

BOTTOM ORGANISMS
Numbers per square foot

. Chironomidae Culicidae Unionidae Sphaeriidae
River Tubifi- Tendipes Chaoborus ZEllipto Musculium Pigidium
Stetion Mlle cidae decorus Punctipennis Complanatus itrans. ep.

B~-2 89.8 8 L 0 o} 13 0
B-h 88.8 300 60 72 0 152 4o
C. 88.6 500 | 240 0 0 160 32
c-2 87.3 560 16 oh 0 480 350
Shore

c-2 87.3 0 0 8 0 2800 880
Channel

¢-3 86.7 1020 8 0 0 735 290
D 85.2 200 240 (o] 0 2ko 88
D=3 82.5 170 32 0 L 28 16
E 80.6 160 2L 0 4 8 0
P 76.3 100 90 8 0 0 0
G 72.3 0 20 0 0 0 0
H* 68.2 8 ol 12 0 " 0

* One unknown genus of Unionicolidae [water mite) also collected.
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) ) Table 5 )
Rappahannock River Pollution Investigation
Biological Studies on the Pamunkey River

November T, 1951

BOTTOM CHARACTERI STICS

Color
— 'g ©
e ) 7]
By, s R Y.
Rver g8 Folf g XA B 5 48
Station Miler| m @ & HA|q DE O a mA
A 68.0 x 1
B 66,2 X X 2
c 64 .3 X x 2
D 62.9 X X X 2
B 61.2 X X 2
F 60.2 p < x x £1
G 59 M x x 1
H 5803 X X X < l
I 572 X X 1
J sh,2 x x 3
K 50.7 x X X 1

* River miles (nautical) from Zero point at mouth of river.
**  Approximate Quantity
1 - (1-10% of saimple)

2 - (10-25% of sample)
3 ~ (25-50% of seample)
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Table 6
Pamunkey B}ve;' Biological Studies
In Conjunction with the Reppshamnock River Pollution Investigation
November 7, 1951

BOTTOM ORGANISMS

Numbers per square foot

Proso~ Pul~
Chironomidee branchiata monata Unionidae Sphaeri,
River Tubifi- Tendipes Lioplax =~ Menetus [Elliptio Bsidium

Station Mile cildee decorus subcerinata diletatus complenatus gbdi.
A 68.0 50 ) 0 0 0 0
B 66.2 5 0 0 0 0 0
¢ 6h.3 ok 16 0 L 0 0
D 62.9 28 32 16 0 0 0
E 6l.2 8 20 52 0 17 Y
F 60.2 0 0 0 0 16 0
G b 48 12 16 0 55 4
B 58.3 0 0o o 0 " 0
I 57.2 15 b 0 0 ol 0
J 5hk.2 0 0 a 0 6 0
I 5047 0 o 0 ] 0 0

-1 -
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) Table T
Pamunkey Ri_\{er__B;ological Studies
In Conjunction with the Rappshannock River Pollution Investigation
November 7, 1951

Organisms Collected in Bottom Semples

Organien; Station

Amelids
Tubi fex 8D A,B,C’D'E,G,I
Limnodrilus sp. A

Mollusca
Pelecypoda T )
Elliptio gomplanatus (Solander) E,F,G,H,I,J
_Bsidium abditum Haldemen? E,G

Gastropode
ILioplax subgarinata : D,E,G,
Menetus dilatatus (Goura) c

Insecta
Trichopters
Genus sp.?7 K
Ephemeroptera T
Hexagenla munda Eaton D
Plecoptera
Comphus gp. G

-15 =
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APPENDIX II

Physical and. Ch_enr_[.ca.l Data
from the Reppahannock

and other Virginia Rivers.



Table A-1

Location, date, and time of physical and chemical sampling on the Reppahannock River 1951.

Aversge Cruise ;1 Cruise ;2 Cruise 73 Cruise 4
Station I;:]::h Date | Time | Tide Date | Time | Tide Date | Time | Tide Date | Time | Tide
37.0 | 24 3-28 | 1000 E L-2] 1150 F -9} 1455 F 4-16 | 1455 E
b1.0 13 " 1145 E " 1315 S " 1610 F " 1515 B
45.0 23 ! 1335 E " 1520 B " 1715 F " 1620 B
50.0 20 " 1L4h5 B ) 1635 E " 1815 F " 1735 E
58.0 17 3-29 | 0830 F L~ 3] o8ko E L-10 | 0600 F " 1910 B
61.h 17 " 1115 E " 1000 E " 0720 F L-17 1 O7ThS F
64.0 13 " 1415 B " 1300 S " 1000 b " 0945 F
68.2 | 20 " |30 | = oo mzo | - " fiueo| = " 1 awgo!l ¥
72.3 17 " 1740 E " 1525 ] N 1330 - " 1130 F
763 | 13 molass | o " 35| E " 30| =m " oo | E
80.6 L1k 3-30 | 0800 F Y- L} 0755 E " 1530 E " k45 E
85 .2‘ 19 " | 0900 F " 0335 E " 1630 B " 1530 B
88.5 7 " 0955 S " 1100 E " 1735 E " 1505 B
91,2 15 " 1040 E " 1215 E <11 } 0600 B " 1540 B
935 8 " 1120 i " 1415 E " 1800 E " 1700 B

- T6T =



Table A~l (continued )

Location, date, and time of physical and chemical sampling on the Reppahannock River 1951,

Average Cruise 5 Cruise i Cruise :*7 Cruise ;'8
Station| Dest | Dete | Time | Tids | Date | Time | Tide | Date “Time | Tide 'DateJr' Time | Tide
3740 24 423 | 1515 F 5-2 | 1535 E 5- 8] 1300 F 5=15 | 1505 E
41.0 13 " 1620} F " 1635 B "} o5 | F " 1550 E.
k5,0 23 " 1730 s " 1725 E " 1450 F 1335 E
50.0. | 20 « f ol s " 11810 | = "t isso | w " lieo} E
58.0 | 17 o | 1000 | = 53} 100 f F " f 1700 } F 5«16 f 1100 | ¥
ST Y s | E " |5 | " lwms | r ] - uss |
6h0 | 13 ! n30f E " 1235 F " 1805 F " 1350 | E
68.2 20 " 1220 | E " B30} F 5- 91 o745 s " 130} =
T2.3 17 " 13151 E " 1500 F " 0955 E " 1510 L B
7643 3 " 1545 E " 1545 F " 1038 E " 1552 E
80.6 1 " 1535 E " 1620 8 " 1120 E " {1640 E
85.2 | 19 " J1620] s m fio0] s " 1205 | E 5-17 | o700 | E
88.6 17 " 1715 ¥ " 1740 S " 1332 E " o748 B
o2 | 15 w | is0) s n 11810} E molowos | = " loso | =
B6 | 8 "] w815} E " 1835 | E " 35 | E " o845 | E

- 26T ~



Table A-1(continued)

Location, daie, and time of physical and chemical sampling on the Rappahamock River 1951.

Average Cruise ;9 Cruise ;10 Cruise ;F11 Cruise ;12

Depth :
Station ] Feet Date | Time | Tide Date | Time | Tide Date| Time | Tide Date | Time | Tide
37.0 oL 5«21 | 1455 S G- L | 0845 E 6-1k| o745 F =19 | 0755 E
41,0 13 " 1540 s " 0910 E " 0810 F " 0820 B
45.0 3 " 1625 S " 0935 E u 0825 F 4 0840 E
5040 20 " 1710 s " 1000 E " 0900 F. . 0905 B
58.0 17 " 1830 | B 1050 B " 0940 F " 1000 E
6r.s | 17 " 1925 E " 1100 E " 1000 F " 1020 | E
64.0 13 5-22 | 0815 E " 1125 E Y 1015 F " 1040 E
6842 20 " 0910 E b, 1150 E " 1040 F " 1100 E
723 17 " 0955 E " 1205 E " 1110 E " 1125 E
763 13 " 1035 E " 1230 E " 1135 E " 1145 E
80.6 1k " 1120 E " 1250 E " 1200 E " 1215 E
85.2 19 " ] 205 E " 1310 E " 1225 B " 1235 E
88.6 17 " 1320 E " 1330 E " 1245 B " 1355 E
91.2 15 " 1350 E " 1345 B " 1305 E " 1310 E
953 .6 8 " 415 E " 1400 E " 1320 E " 1325 B

- €61 -



Table A-1{continued)

location, date, and time of physical and chemical sampling on the Rappahannock River 1951.

Averace Cruise 513 Cruise ;14 Cruise ;15 Cruise ;L
Depth

Station | Feet Date | Time | Tide Date | Time | Tide Date| Time | Tide Date { Time | Tide
37.0 24 527 | 0825 F 7=k - E 7-11} 0800 s 7-17 | 0810 E
41.0 13 " 0850 F " 0800 E " 08L5 S " 0335 R
5.0 23 " 0910 F " o840 E " 0850 s " 0900 E
50.0 20 " 0925 F " 0915 E " 0920 S " 0920 E
58.0 17 " 1015 iy " 1000 B " 1020 E " 1005 E
614 17 " 1030 F " 1025 B " 1035 E " 1025 B
6% .0 13 " 1045 F " 1040 E " 1055 E " 10k0 E

| 68.2 20 “ 11.05 F ' 1100 E " 1110 E " 1100 E
72.3 17 " 1125 F " 1225 E " 1125 E " 1120 B
7643 13 " 1200 T " 1245 E " 1230 E " 1140 E
80.6 % " 1215 T " 1305 | E " 1250 | E " 1220 { E
8542 19 " 12h0 E " 1330 R " 1310 B " 1245 B
88.6 17 " 1300 E 1345 E " 1325 E " 1300 E
91.2 15 " 1315 E ! 1400 E " 1350 E o | 1320 S
93.6 8 " 1320 E " 1420 E " 1405 B " 1335 s

..116'[..



ILocation, date, and time of pPhysical and chemical sampling on the Rappahannock River 1951,

2'-;\8“

bie A=l (continuved)

Average Cruise 17 Cruise ;18 Cruise 7519
Depth .

Station! Feet Date | Time | Tide Date | Time | Tide Date | Time [ Tide
37.0 2k 8-3 | 0530 E 8-17 | 0735 E 8-28 { o710 S
41,0 13 " 0600 E " 0805 E " 0730 s
45,0 23 " 0620 E 0815 E 0755 S
50,0 20 " 0645 E " 0835 B " 0820 S
58.0 17 " 0720 E " 0925 E " 0915 F
61,4 17 " o7ho E " o940 E " o090 F
64.0 13 " 0750 E " 1000 E " 0955 S
6842 20 " 0812 E " 1017 B " 1010 E
72.3 17 " 0830 E " 1035 E " 1030 E
763 13 " 0850 E " 1055 B " 1100 E
80.6 1L " 0910 E " 1115 E " 1120 B
8542 19 . 0930 E " 1140 E " 1140 E
86.6 17 " 0950 E " 1210 E " 1155 E
91.2 15 " 1005 E " 1220 E " 1210 E
93 .6 8 " 1015 boy " 1230 E " 1220 B

- 6T -




Dissolved oxygen in the Rappahannock River 1951.

Table p~2

Readings in parts per million.

- lorvise 1 | cruisey2 | cruise 3 | cruiseyh | cruise 5 | cruise %6 | cruise 7
Station | Surf, | Bot. | Swf.] Bot.| Surf.] Bot.] Surf.] Bot. | Surf. Bot. | Surf.| Bot. | Surfe] Bot.
37.0 10 J10 | 97| 9.7 96 ] 961 9.8 9.8 96| 9.6} 8.3 ) 8.3 ] 8.91 8.8
41.0 10,6 {10.8 | 104 ]| 20,3} 0.1 ) 10.0] 9.8} 9.9 96} 9.6 8.8 | 8.8} 9.0] 9.0
k5.0 10.9 | 11.0 io.h 10.3 | 10.0 j 10,0} 9.9} 98| 956 9.5} 8.9 8.91 9.7 9;2
50.0 10,k | 106 | 103 f10.2] 9.9 9.8} 9.7 73} 9.2 9.5 8.9} 8.9{ 10.1 |:10.0
58.0 104 10k | 9.9 2021 951 9541 981 98] 9.51 9.5] 9.0} 9.0 10.3 | 10.3
614 10,6 J10.6 10,1 f 10.0f 9.7} 9.5 95| 9.8 9.7 9.7f 9.0 f 9.0 103 | 103
64.0 104 11002 | 10,1 | 10,1 ) 9.9 981 9.7 4§ 97| 961 97| 9.0 9.0 97| 9.7
68.2 10,1 10.0| 9.5 9.5f 961 9.61 10,1 10,0} 9.2 9.2 8.2 ] 7.6 8.5 8.5
723 10.1 | 10.1 | 10,1 | 10.0| 9.7 { 9.6} 0.1 10.0] 9.1} 9.1} 7.0} 7.2 63 1] 6.6
76.3 9.7 { 9.9 {101} 101 92| 9.2] 10,0} 10.2 | 8.6 | 8.6} 6.9} 6.9} 6.7 6.5
€0.5 10,0 [10.0 | 11,1 | 11.0f 9.6 | 10.0] 10,0 10,1 | 84} 8.5 63 ] 6.2 751 7.5
8542 10.3 §10.3 {116 | 11k | 10.0 | 10,0} 104 } 10,4 | 9.2 9.k } 6.6 '6.6 8.2 8.2
88.6 10 {104 ¢ 12,0 117} 10.3 | 10,5 10.5 | 10,5 942 9.k | 7.3 T3 8.5 | 8.7
91.2 10,1 J10.2 11,7 | 11.7) 10.5 § 0.7 ] 207 10,7} 9.8) 9.8) 7.9 1 7.9] 9.2 ] 9.2
93.6 10.5 106 | 11.9 | 11.9] 107 { 12,0} 12.0 { 21,0 {204 {205 ] o | o | 10.0 | 10.2

- 96‘[-



Table A~2 (continued)

Dissolved oxygen in the Rappahennock River 1951. Readings in parts per million.

Cruise ;'8 Cruise ;9 Cruise 10 | Cruise ;11 | Cruise ;:12 | Cruise ;13 | Cruise 71k
Station | Suwrf.| Bote | Surfe.} Bote | Swwrf.} Bots | Surf. |Bot. | Surf. | Bots | Surf.| Bote | Surf. | Bot,
37.0 10,1 | 8.9 9.0 8.1 ] 6.7 647 Ta9 | Te3 5.9 6.91 65 5.0 - -
%1.0 9.5 110 95| 8.7} 7.3 7.1 7.8 | 747 | 7.0 | 6.6 6.1 | 58| 6.5 | 6.5
45,0 11.0§ 10.5¢ 93] 88 1 77} 7.7 8.1 | 8.r ] 6.1 551 7ol | Gul 5.3 | 6.5
50,0 | 10.7f 2041203 o] 8.0) 781 72 [ 67| 5.8 | 5.7 67 ] 62 ] 6.9 | 63
58.0 10.2 § 10.2 { 10,0 | 9.5 9.1 8.9 L | 4.7 65 6,3 5.6 6.0 ] 7.3 6.7
614 106 | 104 1 104 | 9.8 ] 9.0 8.9 | 6.7 | 62 | To2 | 63 | 6 | 63| 7.9 | T3
64.0 |10} 103 ] 96| 9.6 | 8.9 85| 6.8 [ 67| 63 | 63 71§ 6.9 7.5 | bu
68,2 9.0f 86| 741 T4 78} T2 63 64} 65 | 63 ] 8 | T2 | 6.8 | S8
72.3 70} 6.9} 5.3 50 6.8 6.5 Tel 6 | 60 6.4 7.1 5t 65 7.0
763 6.8 6.5 5.7 5.7 6.3‘ 5.5 1 7.8 | 8.0 6 | 581 8.2 | 6.6 53 | b9
80.6 651 6551 5.7 5.7 5.4 ) 5.0 8.8 | 8} 7.0 | 6] 6.9 | 5.0 1 B9 | b7 |
85.2 651 65) 63] 6.3 ] 5.8 ] 5.0} 9.0 [ 8l | 7.0 | 68 5.5 | ba7 | 3.4 | 3.7
88.6 751 751 6.5 6.6 ) 3.8) 3.0 9.0 {88 | 7.1 | 7.0 43 | 3.9 &b | ka
91.2 921 9.2 8.5 8.9} 5.6 5.5 8.7 9.0 7.6 | 7.5 5.0 | 5.1} 6.5 | 6
B .6 8.6 ) 86 ] 9t} 9| ThH | 75 | 88 [ 2.0 | 85 | 8| 840 | 741 | 8.0 | 8.2
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Dissolved oxygen in the Rappahannock River 1951. Readings in parts per million.

Table A~2.. (continued)

Cruise :*15 | Cruise ;’15 | Cruise 717 | Cruise ;/18 | Cruise ;19
Station | Surf.| Bot. | Surf.} Bot. |Surf. |Bot. | Surf. | Bot. | Swrf. | Bot.
37.0 6.5 66 F 61 ] 61 72 F 67T} 76 7O G | G
k1,0 58] 7.0} 66} 63 | 7.1 § 6.6} 7.0 | 68 ] 7.2 | 6.8
15,0 73 | 7.01 6.8} 63 | 7.1 | 6.1} 6.8 { 6.6 8.1 | 6.8
50.0 8.5 Tl 72 R 6.5 6.5 6.3 6.0 6.5 6.4
58.0 8.7 72 Tl 7.k | 6.0 66 645 5.7 70 6.9
614 84 1 71 73] 71 )16.9 |66 65 {63} 70| 70
64,0 87 | 7.3 TeT | T | 7.0 § 66 | 6.7 | 65 7.2 | 7.6
68.2 9L | T} 62 | 5.7 | 7.0 | 6.8 ) 7.0 | 6.8 | 6.3 | 6.3
723 | 651 53| 66 ] 61} 7.0 | 7.0 6 [ 60] 55 | 5
763 63 | 54 ) 7.0) 6.5 175 | 76 ) 2.2 10} 5.2 | 5.0
80.5 9.1 | 5.9 ] 85 | 7.3 | 547 | 5.1 | 23 2.1 | k6 | ki
85,2 86 | 8o | 49 | 3.1 | B3 | 43 ] 21 | 14| 3.1 | 2.6
88.6 4.3 29 | 4.4 | 3.8 | 3.3 3.0 ] 1.6 0.2 | 1.5 0.5
91.2 4.5 1 3.9 547 547 0.9 1.1 1.1 0.2 0.8 Okt
3.6 80 1 8.0} Tl | 75 J 71 | 6.9 | 62 } 6.1 ) 741 | 7.1




Table A-3

Per cent saturation of dissolved oxygen in the Rappahannock River 195l.

Cruise 31 Cruise 72 ] cruise ;3 Cruise ;lt Cruise ;75 | Cruise ;6 Cruise i:7
Station | Surf.] Bot.] Surf.] Bot.} Swrf.} Bot.} Surf.} Bot. Surf.]| Bote.} Surf.] Bot. ] Swrf.} Bote
37.0 89 88 92 92 90 88 95 92 95 oA g0 90 93 93
41,0 92 ok % 96 95 93 93 86 96 92 99 97 96 95
k5.0 o ok gL ok o4 93 ok 92 ok 92 96 96 10k 96
50.0 % { 90 93 93 93 91 92 68 88 o1 g7 o7 107 105
58.0 %2 | 91 91 %3 88 | 8t a3 91 90 90 } 100 99 | 109 | 108
61.4 93 B3 91 91 88 86 87 89 95 ok 1101 }100 | 108 108
64.0 ok 92 92 92 90 89 87 87 93 93 t 100 99 103 102
68.2 9 | 91 87 87 8 | 87 90 89 88 87 90 82 91 90
72.3 o 92 93 93 90 86 90 89 87 87 78 68 67 71
763 &7 | 89 B %3 86 | 85 92 91 Sk 83 | 76 76 72 71
£0.6 90 90 % 96 89 92 93 93 83 82 68 &7 78 T8 |
85.2 ® | % % | 98| B| 2| % | 95| 9| B3| B |712] 8 &
88.6 s | » 102 | 100 95 | 9 95 95 90 92 | 70 69 90 91
91.2 B | H% 100 | 100 5 | 9% o7 96 o7 91 | 86 85 95 92
3.6 91 |10 102 {102 | 100 {102 | 100 99 | 102 |} 102 | 106 [ 106 | 106 | 109
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Table A-3 continued)

Per cent satwration of dissolved oxygen in the Rappahannock River 1951.

Cruise ;14

Cruise ::8 Cruise ::9 Cruise 10 Cruise ;11 Cruise 2 Cruise {_‘,313
Station|{ Swf.| Bot.| Surf.] Bot, | Surf.] Bote | Surf.| Bote| Surf.] Bot.| Suri.] Bote. S_urf. Bote.
37.0 11 97 100 90 79 73 38 80 78 78 80 71 - -
41.0 105 {120 108 % 87 83 88 86 T3 5 76 71 t 80 80
k5.0 125 |11 105 %6 ol 89 90 30 67 61 90 75 87 80
50,0 120 |1u 115 | 102 % 92 79 85 o6 63 &2 75 | 87 79
58.0 115 {113 1y ook | 110 | 105 53 51 Th 70 32 % | 93 8l
S1.4 120 {115 115 106 109 108 3 &7 80 T 30 78 87 92
64 .0 119 {115 105 105 100 103 T4 T2 71 69 90 86 95 58
68.2 10k 95 83 80 %6 85 67 &7 71 57 | 108 90 { 85 83
723 79 76 58 50 80 76 76 68 71 70 88 67 79 62
7643 75 | 12 63 61 73 55 82 86 T2 63 | 105 80 | &5 50
80.6 70 } 70 64 63 63 53 91 856 78 70 89 61 | 60 57
85.2 69 |} 69 69 o1 55 59 oh 35 78 75 70 5T | 1 L6
88.5 80 | 79 71 T1 43 36 o4 90 78 78 5k et s3 Lo
91.2 101 ji01 97 99 70 67 90 3 86 35 64 62 69 78
93.8 B | B 106 | 106 3 oM 91 | 100 96 g5 | 103 87 | 99 | 100
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Per cent saturation of dissolwved oxygen in the Reppahannock River 1951.

Table A-3(continued)

cruise #15 | Cruise #16 | Cruise #17 | Cruise ;718 | Cruise 19

Station | Burf.] Bot.}] ourf, | Bot.| Swrf,] Bot.] Swrf.] Bote] Surf. | Bote
st0 | B} B} M| woje&| ow)ef |7®
41,0 70 | 8% 85 | 80 9 | 8 8 | 86 87 | &
k5.0 90 85 87 80 91 7 86 84 33 81
5060 o | 8 92 | 86 83 82 8o | 76 7 | 77
58.0 108 20 R 95 86 84 83 72 85 83
6 | 1| 89| oslm| erlea] || &l
64,0 | 108 89 100 9% 89 a4 85 82 86 91
68.2 1ns5 | 8 | B3 9 |} 86 9 | 86 8 | 8
7243 81} 66 8 | 18 90 90 83 76 68 | 65
763 78 | 66 8 | 83 %6 | %6 28 | 12 63 | 60
8045 115 T2 110 %5 1 62 29 28 56 50
8542 108 } 105 63 | 39 55 54 27 | 16 38 | 31
88.6 sh | 35 57T |} 47 L2 37 21 2 17 6
91.2 - 57 bt 7 | T3 1 13 1 3 8 4
B b 100 | 100 % 1 95 90 | 87 80 | 78 83 | 8
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Table A-4

Determinations of hydrogen ion concentration in the Rappahamnock River 1951,

Cruise ;1 Cruise 32 Cruise #3 Cruise 3 Cruise #5 Cruise 6 Cruise #7
Station | Swrf, Swrfe Bote] Surf.]| Bote{ Swf.| Bote.f Swrf. Surfel Bote}{ Swurfe. Bote
3740 T3 Tel | Tel Te3 | Te2 Te0 | Te0 T3 Tal] Tl Tel | Tel
¥1.0 | 7.3 T3{ T3] 73 |73 | 71}70] 72 T3 | Td | Te5] 743
45.0 7.1 Tel 7.1- Te3 | Te3 Tel | Te0 Te2 T3 | Tel Ted § Ted
5040 743 Tl ]l 740 Tel | Tel 6.9 ] 6.8 T2 Tt | 7a2 T3 | Te8
5840 T 7;2 T Tel | Tl 70 | 740 T3 Te3 | Tolt 8el | 841
61 | 7.0 reltal 7al7al rol7al 73 74 | 75 | 8.0 749
6k .0 Tal Tl | Tol 6.9 {649 TeO | 7ol T2 Talt | Tl T8 | 77
68.2 70 Tl | 7.0 | 6.9 |69 Tol | 7ol 7.1 Tel | 740 73 | 7.2
723 T2 Tel | ToO 66 |66 Tol | 7a1 70 649 | 6.9 65 | 6.9
7643 Tl Tt | 7ol 6.9 } 649 TeO § 7O 70 6.9 | 6.9 6.8 | 6.8
80.6 742 70 | 742 6.9 |69 Te0 | 740 70 6.9 | 6.9 69 | 649
85.2 740 6.9 7.0 Te0 | Tal 70 | Tol 7ol 6.9 | 649 7.0 } 649
88.6 Te2 59 f 6.9 T2 | Tl Te0 | 740 762 6.7 | 6.7 6.8 | 6.8
912 Tk Tol | Tk Te5 | Tt 7«0 | 740 - 65 { 6 T+0 } 740
B b 73 69 | 742 70 | - Tk | Te5 T3 T8 | 8.0 78 | 7.8
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Teble p-L(continued)

Determinations of hydrogen ion concentration in the Rappahannock River 1951,

3740 T6 | 73 76 | Tabt 7.0 | 7.0 T2 | Tol 7.1 | Tel 6.9 ] 7.0 - -
mo | 87 les | 78 77| 7alro ] 7313 | 1070 72)72) 73|73
145.0 9.0 | 8.7 7.9 7T T2 | Tol 73 | 73 67 | 607 Tl | 7.0 73 {73
5040 9,0 | 8.8 8.7 | 83 72 | 7ol 691 7.1 6.7 | 647 7.0 | 6.9 740 § 72
56.0 | 84 |8 | 87|87 | 75|73 | 68) 67 | 6.8 67| 69 6.9 | 7.2]6.8
61 8.5 | 8.5 8.7 | 8K | Th )Tk 6o7 } 647 6.7 | 647 7.0 | 7.0 T3 | Teb
6r0 | B {83 | 79 l78| Ta)72 | 68}68 | 686 7.0}7.0 | T {73
682 | 72l7a ]l 72l7al 69168 | 6alse | 68l6a] 72l6 | 73 |7
73 | 6.8 6.'.( 6.8 {68 | 6.8 6.7 | 6461 647 - 168 ] 691681 7272
7643 6.8 | 6.7 6.7 | 6.7 6.7 | 6.7 6.9 | 649 6.8 | 6.7 6.9 | 6.8 Tl | 7.0
80.6 | 6.7 |66 | 6868 6666 | 7|70 | 69|68 s0(68 ] 6.9 |70
85.2 6.7 | 6.7 1 6.9 | 6.9 63 {63 7«0 | 740 649 | 649 6.8 | 6.8 7.0 | 6.9
88.6 68§68 | 70 7] 66{65 | 72170 7017.0] 681648 6.8 | 7.3
91.2 T2 | Tk T | 6.9 6.9 | 6.8 T+0 § 740 T«0 | 7.0 65 | 642 Te5 | 6.9
Beb | 7677 | 78|79 T3 T | TOf = T JTh G ThPTE | 75 |76
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Teble A-Y4 (continued)

De'cermina.tions of hydrogen ion concentration in the Rappehemmock River 1951.

cruise 15 | Cruise ;1156 | cruise #17 | Cruise ;110 | Cruise ;19
Station | Swf.] Bot.] Surf.] Bot.] Surf.]| Bot.| Surfe] Bot.| Surf.]| Bot.
37.0 73 | 72 70§71 ] Te2 } 73 72 |73 | 72} 73
mo | relrel 7olto] 7o s 13 l1e | Tafre
.0 | 73 |7} reltal Tk {ra| Tefta | tdp13
50.0 TeT | T3 TeS | T2 Ta3 | T3 Te2 | Te2 T | 7oL |
8.0 | 8alTa| 13f73] Tal73] 13|72 ] T2)72
ek | ealrs| talral 13l1s| 13|12 | 13{73
64.0 8L | Ts5 Tl | 762 Te3 | Tek Te2 | 763 751 73
68,2 73] 72 7.0 } 6.9 T | Tl T2 1 Tl T2 | T2
723 Tel | 740 7.0 { &9 T3 | T2 Tl | 649 7ol | 740
7643 7.2 | 6.9 Tel | 70 T3 | 742 649 | 6.7 6.9 740
806 | 7716091 71.0l6:9] cof6ol 686 ] 69] 6.8
85.2 TS | Tk G811 6.8 6.9 1 6.8 53 ) 647 6.8] 6.8
8846 7.01 6.9 6.9 1 69 6.7 | a7 66 | 646 G| 6. |
91.2 Tl ] Tel T2 T3 56 Ga7 6.3 § Ot 65| 646
938 8,01 7.9 T 5 7olt TeT | 740 T2 | Te2 Te3 | T3
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Salinity determinations in the Rappaharmock River 1951.

Table A-5

Salinity in parts per thousande.

Cruise i1 Cruise 32 Cruise 33 Cruise ;% Cruise /5 Cruise ;6 Cruise :47
g8tation | Swrf.] Bot, Suri_’. Bote | Surf.} Bot. Surf.} Bot. | Surf.}] Bote| Surfe,| Bote| Suwrf.{ Bote
3740 25 | 2.5 2.8 § 2,8 33 | b7 13 } 1.8 3ot | 347 2.0 | 2,2 2.1 | 2.2
41.0 1.k | 16 16 | 1.6 1.3 | 1.3 0.9 | 0.9 1.2 ] 1.2 2.0 | 1.3 16 | 1.6
1540 0.8 | 0.8 1.2 {12 0.8 | 0.8 F F F F F F F F
50,0 0.9 } 0.9 0.9 } 0.9 0.9 | 0.9 T F F F F F r F
5860 0.9 | 0.9 1.l | 1.1 0.8 1 0.8 F F F F T F F by
Gl T F F F F F F F F F F F F F
% Fresh }:ater
28 ___(_h;géggrii@, Cruise 10 | Cruise ;=11 | Cruise 12 | Cruise 313 | Cruise 1k
Station|] Swurf.| Bot. Surfe| Bot. Surf.}] Bote swurf. Bot, Surfef Bots {. Surfe} Bot. Swrfe BOt .
370 | 1.8 }3.0] baafls | ballal 2a]26 F | F N g
41.0 F P 2.d § 2.5 2.8 | 3.4 F F F F F F el
45,0 F F 17 | 24 T F F F F F F by 2 g
50,0 F P F T F F F F ¥ F 7 by g
58 40 F F F 7 F F F F F F F F 8
61 F F F Iy T F . F F F F F F 8
Cruise ;15 Cruise ;15 Cruise ;17 Cruise 7:18 Cruise ;119
Station [ BUrE.] BOts] SUrTe] BOT. | SWTle] Bote| OWfs] BOTe | SUrTe .
3740 58 168 54 |54 ] 5159 4.3 |48 5
11-1.0 3 .9 3 .9 3 05 3 v9 3 09 5.0 2 .h- 2 .5 g <3
45.0 F F F F - 13.2 F F §
5040 F F ¥ F F F F T 5
58,0 7 F F F ¥ F F T 2
61k T F F JL by P F F F 2
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Table A=

Sulphete determinations in the Rappehamnock River 1951. Measurements in parts per million.

Cruise 31 Cruise ;2 Cruise 33 Cruise ;L Cruise 75 Cruise ;6 Cruise ;"7
Station wf,| Bot. | Surf.] Bot. [ Surf.! Bot. Surf.? Bot. | Surf.{ Bot. ¢ Surf.,; Bot. { Surf.| Bot.
37.0 | 156.0{156.0] 128.0}189.0 | 194.0[276.0f 57.0{218.0 | 154.0{188.0 | 75.0]75.0 | 75.0{123.0
51.0 | bl st 19.2}20.2f 18.2{19.21 13.6] 13.3 | 21.2} 29.2 | 12,5|13.1 | 1647} 206
45,0 | 10.8} 10.8} 11.8} 12,7} 12,0} 12.2 a3 . | 1mal 1331 10.8f11.k | 13.6] 12.8
50,0 10.8} 10.5] 12.7 13.6, 108} 10.2) 12.8} 11.6 1 10.2] 11,7} 12,5 1.9} 12,2] 12.0
58.0 10.8} 10.8] 12,51 13.6 | 1i.t] 10,8} 11.6) 13.3 1.1} 10,8 | 11.1)11.1 | 1l.4 11.7
614 11.1) 114f 12.7) 2.7 10,2} 113} 1101} 110 12.2) 12,2 11.1f11.1 | 12,2} 13.1
64.0 11,0} 11,4} 12,7} 13.6| 11.2]12.5| 11.4f 10,8 | 10.8] 9.6 | 11.9{11.7 | 13.1f 13.1
68.2 11.0] 10.8] 12,7} 12,7} 13.3} 1k.9 9.9 9.9 | 10.8} 10.8 | 1i.]|11.4 ]} 14.2f 13.9
723 11.7] 12.2 12.2] 12,2 | 16.8} 16.2 10.2] 10.2 11,7} 11.9 1191 1 | 15.7) 15.7
%63 | 122] 1250 12} 13.6] 6.0l 6.2 10.8] 108 | 1m.9f 125 Bafize | 16.2) 1.9
80.6 10.8f 11.7f 12.2]12.2 | 11.7f12.2| 1l 1.7} 1L.7) M9 | k91152 1 B 13.1:
85.2 36| 33] 1Bafie| 108f102] w2l Bo| 9.6 9.6] 1ol welwe
8846 10.2] 10.2] 12.7] 12,7 | 12.0) 11.1| 15.5f 4.7 | 10.8] 10.2 | 17.5117.7 | 23.7) 23.7
91.2 12,8] 11.9} 123} 12.2 | 10.2] 10.2]| 11.6| 15.2 | 12.2} 11.9| 31.2}28.7 | 16.5( 13.9
3.6 0.0} 0.0} 10.0f10.5| 13.6f -~ 3.7 b3 3o7) 3ok 5.0f 2.4 2.9 2.9}




Table A=6 (continued)

Sulphate determinations in the Rappahamnock River 1951. Measurements in parts per millione

| . Gruise /8 | cruise 9 Cruise 7410 _|_cruise 411 Cruise 412 Cruise i
station |Swrf. | Bot. | Swrf. | Bot. | Swrf. | Bots | Swf. | Bot, | Swf, | Bot. | Swf, | Bot,
37.0 99.0 1167.0 | 250.0 |278.0 | 230.0 |254.0 81.9 {138.9 31.2 { 99.0 | 110.0 j150.0
41.0 13.6 {13.1 | 111.0 {1420 | 102.0 {102.0 19.7 | 1949 17.8 | 17.8 30.0 { 32.2
45.0 11.9 } 11.6 64,0} 59.0 26.2 | 27.2 19.0 | 19.2 15.0 { 15.0 4.7 | 17.2
50.0 12.2 | 12.2 13.3 | 1.7 17.8 | 1645 23.5 | 23.3 15,0 | 15.8 1547 | 1h.b
58.0 %2 | 13.6 .2} 12,2 15.3 | 15.3 13.2 | 12,8 13.1 | 12.8 17.8 | 15.k
614 .7 | 13.9 3.9 13.9 15.8 | 15.3 12.6 | 12.5 12,5 | 13.1 12,5 | 4.7
64.0 19.7 | 2042 nB2l 16,0 1631} 173 11k | 11k 13.9 | 1k.7 15.0 | 13.2
68.2 15.2 | 15.7 15,0} 15.2 21.1 | 20.2 14,9 | 149 16.0 | 15.2 12.8 | 12.8
72.3 1,9 | 15.5 15.5 } 15.7 22,1 | 21.1 21.1 | 20.9 - 16.2 0 | 15.8
763 3.3 | 111 B3§ 133 31.6 | 31.6 13.8] 13.3 17.0 } 16.k 6.4 | 18.2
80.6 16.3 | 15.6 16.,0f 16.2 27.2 | 29.2 11.7 | 11.7 bk | 164 15.0 | 21.2
85.2 21,1 | 20.6 8.8 18.8 23,0} 21,6 12,21 12,2 16.8 | k.08 15.4 | 13.8
88.6 22,1 | 20.6 6.4} 272 31.6 | 32.6 A 12,5 19.2 | 17.8 19.2 | 19.2
91.2 15.3 | 12.2 23,51 214 22,1 | 13.1 12,0} 11.1 20,2 | 17.8 30.2 | 32.7
3«6 2.7 | 245 1.1 571 340 10,5 - 78| 649 5.0 | 540
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Sulphate determinations in the Rappahamnock River 195l. Measurements in perts per million,

Table A=G (continued)

-

Cruise 71l _Cruise ;15 Cruise 316 Cruise 3717 Cruise 318 Cruise ;'19

Station Surf. { Bote. Surf. | Bot. Surf. | Bot. Swrf, § Bot, Surf.}] Bot. Surf.] Bot,
37.0 - - 150,0 }500.0 158.0 | 148.0 315.0 | 430.0 254 ,0 | 264.0 385.0} 430,0
41,0 17.8 | 17.8 | 226.0 [259.0 82,0} 87.0} 290,0{320,0| 144.0]158.0} 290.0{ 288.0
bs.0 | s Jawa | 32,0120 o] s59.0) 106.0f164.0) 63.5 82.0)  98.0) 124.0
50,0 13.2 | % 192 | 164 13.8] 1.8 38,0} 38.0 25.81 27.6 33.2] 4¥9.5
5840 1.2 | 13.8 15.0 | 15.0 168} 16,0 W8] 16,4 22.0] 24,0 25| 2838
614 13.8 | 13.8 5.0} 16.8 6.0 15.0 19.8 | 19.2 22,0} 25.8 27.8] 25.4
64 .0 160 { 164 174 | 174k 16.8] 154 261 22,2 264 25.4 240 24,5
68.2 20.2 | 19.2 20,2} 18,2 16,84 20.2 33.2 1 31.6 258 30.6 30.5) 3005
72.3 164 | 182 174 | 20.2 2541 26.4 29.8 | 25.9 264 29.6 28,0} 21.6
76.3 13.8 §14.8 24| 236 25.81 28.2 15.8] 13.8 323} 22.6 268} 23.6
80.5 18.8 | 19.2 25.8 | 25.0 30.6| 3%.2 23.0 | 261 26| 22,0 31.2| 27.8
85.2 24,0 236 31.2§ 30.2 34.5) 34.0 28.8 | 28.8 15.8| 28.6 45,04 k1.0
88.6 27.8 | 19.8 27.2 ¢ 24,0 24,01 22,2 31.5} 31.5 28.0} 3145 575} 635
91.2 18.8 | 29.2 28.8 | 38.0 33.0) 29.0 2,0} 41.0 k951 5345 67.0) 57.5
9346 6.8 | 10,0 5.0] 2.6 3.8 3.k 24 ] 1.k 561 42 5.0 2.4
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Table A-T

Surface and bottom temperatures from the Rappahannock River 1951,

Cruise #1 | Cruise 72 | Cruise )3 | Cruiseyl | Cruise g Cruise ;6 | Cruise ;7
Station | Suxrf. |Bot.| Surfe| Bot.| Surf. | Bot. | Surf. | Bots [ Surf. [Bot. | Surf.|Bot.| Surf.} Bot.
3740 9.0] 8.6} 13.0}13.0f 13.0}12.0] 14%.,0}13.+ | 15.0}1k.1} 20.5}120.5) 18.0} 17.8
41.0 ol 9kl 122511251 13.0(12.55 ) 1BAJ13.1} 15.9 1.0 21,8206 19.0f 18.2
%5.0 9.0} 8,5 11.5f11.5 13.0{12.,5 13.3 }13.0 ik .6 [ 1k.1 203 1 19.81 19.0} 18.3
50.0 9.01 85) 1.0f1.0} 13.0{123 | 13.2|12.9 | 1k.0}13.6| 20.0}19.9} 19.0f 18.4
58.0 10.0] 9.5] 12.0}12.0| 12,0012k | 13.2{13.0 | 1h.0}13.7} 21.0}20.5{ 19.0} 18.6
614 10,0}10.0f 1,0}11.0} 12.2}11.8] 12.0}11.5 | 14,9 {1k.5] 21.4]21.0f 18.5] 18.5
6440 11.0]11.0f 1S5{1.5] 12,0]11.5¢{ 11.5{1.5 | k.1 {1k 0} 21.0]206] 19.0f18.5
68.2 1.0fu.2}l 12.0}20] 120 11.5§ 11.011.0 | 14,0 {13.9} 21,0]20.6| 19.%} 18.9
723 11.0 {11.2} 12.0}12.0} 12.3}12,0} 11.0|11.0 | 14.k |1k ] 21.0}20.5] 19.6{ 19.2
763 11.0 11,04 12.0}12.0} 12.8}12.5 12.2 11,5 | 15.0 {14.9| 21.3{20.9{ 19.8}19.1
806 | 11,0{11.0f 9.0} 9.0| 12511222 125119 | 15.0 {1k | 21.5]21.2) 18.0}17.9 }
85.2 10.5 | 10,5 8.5) 845 12,7112k 12,1 11.9 15.9 {15.5 21.5f21.0 | 18.,0f 17.2
88.6 11.5 115 8.5] 8.5 12.2112.0 ] 11.bk )11k 15.0 {15.0 | 21.3 }21,0 18.9 1 18.0
91.2 12,0 |12.0 8.5) 8.5} 11.0{10.6 | 11.8 {11.5 { 15.1 |15.0 | 21.0}20.8) 17.8}16.9
9346 12,0 J1k.0 9.0 9.0 12.8}12.5 12.0 11,8 | 15.1 {15.0 ) 21.0}21.0{ 19.0{19.0
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Table A~T (continued)

Surface and bottom temperatures fram the Rappahannock River 1951.

Cruise ;8 Cruise 39 Cruise #£10 | Cruise #11 | Cruise 712 Cruise 713 Cruise i1k
Station | BT, | Bote | Surfs | Bote | Surfe| BoGe | SUrfa| BOte | SUrf.| Bote | Surf.| Bote | Surf. | Bote
37.0 22,0120.0 | 21.0}21.2 | 25.,0f2k.5) 21.2]20.8 ) 23.6}23.2 | 27.7}25.0 - -
41,0 21.0120.0. | 22.8119.9 | 25.6}2u.5) 22.,0{121.2{ 23.0{22.9 | 28.0}27.0 | 28.0{27.4
45,0 22.1120.0 | 22.0120.0 | 25.0]24.3 ] 22.,0§21.3 ] 22.1{21.8 | 28.0]27.0 | 28.0 |27.7
5040 2121202 | 22.0}20.0 | 25.0f24,3 ) 22.0}121.3{ 22,1}21.8} 27.1}26.9 | 28.2{28.0
5840 21.9121.0 | 21.2]20.5 | 25.3|24.8§ 20.0]21.0) 22.,0}21.6 | 28,0}27.1 | 28,5}28,0
61k 22.0121,0 | 21.0}20.4 | 26.0}25,0 | 19.8]19.2| 22.0}21.7 | 28.0{27.5 | 28.0 [27.8
64,0 22,9121, 7 | 21,0]20.9 ] 26.,0125.8 | 20.0]19.0] 21.5}21.2 { 28.7]27.7 ] 28.0]27.6
6842 23,0]21,0 | 21.2)21.1 ] 25.5] 246 | 20.0]1940 | 21.0]20s6 | 29.0]27.1 ] 28.0}2745
723 22,0120.9 | 21.2}20.h | 25.0{ 245 | 2040[19.5 | 2Le1}20.8 | 27.2127.0 | 2746 [27.5
76 .3 21,0120.9 | 2051204 | 25.212h,5 | 19.0] 194 | 2161208 | 28.8 12742 | 2745 | 2740
80.6 20,01 19,7 | 22.0]21.5 | 25.0}2sh | 18.0{18.0 | 21.6}21.0 | 29.0}27,3 | 27,0 {26.8
8542 19,0119.0 | 20.9]19.9 | 26.0§2ke7 1 17.9{17.9| 21.9]21.0 | 29,0 {27k | 26,9 |26.2
88.6 20,0} 19.8 | 21.0}20.0 | 27.8]26.0 ] 17.9{17.6 } 22.2}21.3 | 29.0{27.4 | 26.3 }25.0
91,2 21.0{20.9 | 22.0]20.90 | 28.0}26.,5 ] 17.9{17.6 | 21.9{21.3 | 29,0{27.3 | 26.3 {26.0
36 20.1}20.0 { 22.0{21.8 | 27.5{27.0| 18.0}17.2| 22.1{21.9) 29.5{27.0 { 27.0|26.5
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Table A-7 (continued)

Surface and bottom temperatures from the Rappehannock River 1951,

Cruise 15 Cruise #16 Cruise 7:17 Cruise 7118 Cruise 72
Station [ Surf.| Bote | Surf. | Bote | Swrf. | Bote | Surf. | Bote | Surf. | Bote
37.0 26,0 25.5" 28.2 } 28,0 28.0 | 23.0 28.5 | 28,2 27.0 | 26.5
41.0 26.0] 25.4 29,0 | 284 28.2 | 23.2 28.3 | 28.0 25,2 | 25,2
45.0 264} 25.3 29,0 | 28.5 28,7 | 23.5 28,5 | 28.1 26,0 | 25.8
50.0 27.0) 26.5 29.0 | 28.5 29.0 | 238.5 28.9 | 28.3 26.2 | 26,0
58 .0 27.6 | 26.5 29,5 | 29,0 29,0 | 23.5 29.0 | 28.6 26,0 | 25.5
61.h 28,0] 26,6 29.5 | 29,0 | 23,0 | 28.6 29.0 | 28.6 2540 | 24,9
6k .0 275 26.3 29.8 | 29.2 28,5 | 28.% 29.1 | 29.0 25,5 | 25.0
68.2 28 | 26.7 29.8 | 29.1 29.0 | 28.5 29.2 | 29.0 26.0 | 25.5
72.3 28,0} 27.8 29.5 | 29.0 29.0 | 23.9 29.2 | 28.9 26.5 | 26.0
763 28.2 | 27.9 30.0 | 29,0 29.0 | 28.2 29.2 | 28,9 26.4 | 25.9
80.6 28,4 | 26.8 30.0 | 29.5 28.0 | 27.5 29.2 | 29.0 2645 | 26,0
8542 28,1 | 27.8 30.0 | 29.k4 29.4 {1 29.0 29.2 | 28,2 26.8 | 26.0
88.6 29,0 ) 27.0 31.0 | 29.7 29,0 { 28.5 29.k | 28,5 2642 | 25.6
91.2 284 | 27.2 31.0 | 29.8 29.0 | 28.8 31.0 | 29.0 25.0 | 25.5
3.6 28.0 | 27.8 30.0 | 29.0 28,0 | 27.8 31.0 | 29.1 24,2 | 24.0
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Table

A-B

-

Turbidity determinations in the Rappahamnock River 1951. Measurements are Secchi disk readings in centimeters.

Cruise number

5

Station 1 2 3] & 5 6l 71 3 9 10 11 12 13 1k 15 17 18 19
37.0 27 17] 28} 18125} 18] 18] 28 4o 56 42 13 38 -1 52 39 50 38 57
41,0 | 18] 10f 16 20| 11} 1317 28{37T| o 52| 22} 2| 16| 52§ 37 51| 381 68
5,0  20) 17} w7t 5 f 6} 22t 25 k3371 8¢ 7hi 20 251 31 50 | &3 53 LB | 61
50,0 § 23] 18] 30} 35|19} 26| W | 7| 42 | 110 | G2 25 29 45 50 | 52 51 i 58
58,0 | 18| 25| 19 16 | 20| s1f36)s0f 8| 62| 12| 23| 3u]| s3] 58| 50| s=2| 8| wm
61 } 181 361 231 121251 55 48] 671 73 53 12 18 40} 351 59 | 45 45} 4o} s0
64,0 | 20) 33} 21} 13} 30} 60| 66| 9k} 76 52| 12| 19} 46| 33| 50| W3 | 42}t 4ot 50
68.2 I 46} 37y 15481 61} 6L 87} 51 65 15 2 60 Iy 55 45 456 45 k6
7243 43] 28} 46} 25 451 70 61} 63} 33| 72| 20} 30| 68} k3 | 63 | 43 5T} 571 69
7633 | 43} 33 64| W ]sop 67| 0] 33| 58| 27| w1} 65) 18} 58| s0| s0|139] 8o
80.6 581 13 L] 31} 43 ] 71} 56} 2L} 66 57 18 56 48 29 54 | 53 23 84| 64
85.2 | 891 13| 63| u7 | 631 43} hf 2} 67120} 11| 56 51 24| 72 | 56 ] 30| 28} 98
88.6 | Ot 11| 28| 22 | 48] 48| 31} ko | 8 | 168 91 5] 31| 28} 60} 681 63 28 | 138
91.2 (1081 13} 25} 53 | 68| 72 J100{ 68 }127 | 137 7 63 42 32 83 87 4 20 Lo
NBL {108] 13} 13} 50} 583105 J150] 33 133 | 198 6 | 6} 581 Lk 17 {135 ] 96} 12| M1
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Tablel =9

Swrface and bottom current determinations in the Rappahannock River 1951,

Measurements are in knots (nautical miles per hour)

Cruise 3’1 Cruise ;2 ise 33 Cruise ‘b Cruise 35 Cruise 36
Station Surf.] Bot. Surf.{ Bote Surf.} Bot. Surf.] Bote. Swf.] Bot. Surf.}] Bote

37.0 145 | 0.97 0.54% | 0.39 1.15 | 1.2 1.05 | 0.87 0.55 | O.U7 1.57 {1.10
41.0 o.éo 0.78 0.00 | 0,00 0.5% | 050 1.10 | 1,00 0.19 | 0.20 1.4 1.0
45,0 1,02 1.de 0.58 | 0.58 0,50 | 0.54 1.29 | 1.00 - - 149 | 0.95
5040 o.dq o.ob 0.95 | 0.90 0.33 | 0.29 0.96 | 0.83 - - 0.95 | 0.69
58.6 o.7é 0.69 1.27 | 0.78 0.52 | 0.58 04,56 | 045 1.39 | 1.01 0.80 { 0.86
61.& 0,55 | 0.81 1.02 | 0.75 0.32 | 0.28 0.66 | 0.59 1.12 | 0.78 1,10 }1.07
6he0 | 0.95 0.78 - - 0.72 | 0.70 0.78 | 0469 1.10 | 1,07 0.95 | 0.95
6842 0.78 | 0.75 - - 0.95 | 1.02 1.05 o.9f 0.8% | 0.81 0495 | 0.8%
723 0,19 } 0.19 1,00 | 0,91 1.12 | 0.95 0.69 | 0.63 0.59 | 0457 0.90 | 0469
763 | .0.20 | 042 124 | 1.15 1.07 | 0.66 - - 0.59 | 0.46 0.63 | 0.50
80.6 0.58 | 0,58 1.27 | 0.92 0.95 | 0.80 04k | 0.53 0.37 | 0.20 - -

85.2' 032%} 0.35% ‘. 1.27 | 1.07 0.95 | 0466 0490 | 0.90 - - - -

88.6 0.00 | 0,00 139 } 1.10 0.73 | 0.81 0.87 | 0.87 0.58 | 0.39 - -

91.2 0.17 | ok1 1.31 | 1.06 | 1.61 ] 1.39 0.78 | O.k7 - - 039 | 0.34
9346 0460 | 0,54 1.89 | 1.58 1.57 | 1.6k 1.12 | 0,90 035 - 0450 | OM7

* Ship swinging,
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Table A-9(continued)

Surface and bottom cwrrent determinations in the Rappahamnock River 1951.
Measurements are in knots (mautical miles per hour)

Cruise 7 Cruise 8 Cruise ;9

Station| .8wfJ Bot.| Swf.| Bot.| Swrf.] Bot.
37.0 | 0.95] 0.84 | <78 | 050 - -
41.0 1.05{ 1.01 059 | ok2 - -
45.0 0.78] 0.8% 055 | 042 - -
50,0 1.2} 0,95 § 0.50 | 0.k7 - -

58.0 1.27] 081 069 | 0.7 0.63 | 0.55
61k 0.81{ 0.81 O.7 | 0.36 1.05 | 0.78
64.0 0.3 | 0463 - - 1.07 | 0.97
68.2 - - 0;75 069 0,90 § 1.15
72.3 1.07 | 0.84 1.07 | 0.50 1.35 | 0.95
763 | 0.69) 0.3 | 0.69 [os0 | 0.2 | 075
80.6 § 0481} 069 0.81 | 0.66 0.8L | 0.69
85.2 0.63 } 0450 0.7 | 047 0.66 | 0,50
88.6 0,55 | O.M7 07 fOod7 0463 { 0.50
91.2 0.62 | 037 0.43 0.3 0.47 | 042

B b - 0.62 | oL2 061 | 0459 0.59 } 0.59
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Table A-10

-~

HEydrographic data Pammkey River 1951

Current Secchi Oxygen
velocity| Temperature | disk | Salinity | Dissolved Op| rper cent } Sulphates
Station] Time |Tida] knots °C. am. | 0f00 DeDelle saturation] p.pua. R
Cruise ##1 April 11 (average of surface and bottom determinations)
50,7 | 1540 E - 13.9 27 - 9.0 - - 6.9
54,2 ] 1530 E - 134 32 - 9.3 - - 6.9
552 § 1515| E - 13.3 34 - 9.l - - 7.0
35.2 3500 E - 33.2.? 30 - 900 - l had 609
Cruise ;2 May 28-29 (average of surface and bottom determinations)
27.2.] 380} F 1.07 21.0 57 8.9 6.6 - 588 7.1
32,2 ] 20} F 1.6% 21,2 33 L. 6.8 - 21k Tol:
38.2 | 1720 F 1.05 21,1 33 2.3 Te2 - 35 Tl
Li,0f 18151 ® | 096 21.5 57 - 8.0 - 9 7 o2
k8.2 1850} P 060 21.7 55 - 79 - S 72
50.7 {- 1020 8 - 21.7 6L - Tkt - T T.1
54.2 | 1430] E - 21.5 60 - 7.8 - 8 7.2
57.2 f 1450} B - 21.0 61 - 7.0 - 7 6.9
61,2 1515 B - 20.3 27 - Tel - 8 7.0
66,21 1545] E - 19.9 h7 - TS - 8 Tl
69.0 | 1605 = - 19.7 48 - 75 - 13 6.9
, Cruise ;'3 August 11 (all determinations at & feet)
27.2] og15] E - 270 73 12,6 6.1 79 1100 T3
- 3221 o84l B - 27.5 52 8.6 549 73 550 7.2
38.2 |1 0905 =B - 273 65 - 546 69 8 6.9
.01 09830 E - 27.5 55 - 5.0 71 29 7.1
’{-8 2 0950 B - 27 -21' 1{'8 - 5 9 71 10 T 0
50.7 { 1000| E - 1 27.4 55 - 5«8 71 10 6.9
5.2 | 1025 E - 27.5 5T - 5e2 65 10 6.8
57.2 | 1040 E - 274 60 - L6 56 9 6.9
612 | 1120{ = - 26.7 54 - 542 63 19 6.9
66.2 | 15| E - 25.6 55 - 6.0 72 10 6.9
69.0 § 1200} E - 25, 39 - 6.5 78 11 7.0
73.0} 1220 E - 25.5 35 - 6. 17 8 7.0

- 612 -



Table A-11

Bydrographic data Mati@aponi River 1951

Current Secchi Oxygen
: velocity | Temperature{ disk | Salinity |Dissolved Oy| per cent | Sulphates
Station] Time | Tide | Imots °Ce ane { 0/00 DeDalle satiration| p.p.ne rH
Cruise #1 May 30 (average of surface and bottom determinations)
27.2 | 1535 S - 21.2 50 6.0 5.6 - 420 7.0
32,7 § 16351 F 1.10 21.3 2l 1.9 6.7 - 21 6.9
38,2 | 1720t F 1.05 21.5 46 - Tk - T 6.8
Yo7 { 18001 P 1.02 21.8 &6 - T - 5 6.8
kb,2 ¢ 1334 F | 0.88 21.8 100 - 7ol -~ 6 6.7
50.2 { 1915] F { 0.70 21.7 100 - TS - 5 6.7
Cruise 2 August 1t (2ll determinations made at 6 feet)
27.2 § O7h5 F - 28.6 52 1.1 Lot 59 975 6.9
32,7 { o810} - 2746 50 3.7 L5 55 320 7.0
38.2 1 0835 F - 27.3 33 - Lok 5k 15 T2
k2,7 1 0855 F - 27 .t 30 - 4,6 56 ) 7.1
B2 { 0912 F - 27 M 88 - L2 52 6 6.9
50,2 | 0930} F - 27.6 131 - ko1 51 5 6.9
5%.5 | 1015} F - 25.6 85 - 540 60 6 6.7
53.0 { 1035 E - k.1 28 - 6.3 s 9 6.7

- 018 -
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Table A-12

‘Results of sampling at anchor station 37 Rappahannock River May 10, 1951

Current velocity Secchi

(knots) Temperature °C.| disk Salinity 0/00
Time | Tide | Surface | Bottom | Surface | Bottom cm, Surface | Bottam
1100 B 1.31 1,00 19.8 18,9 27 2.9 2.9
1200 -B 0.61 0437 - - 28 2 .h- 2.1
1400 F 1.19 1,19 21,8 19.0 26 20 -
1500 P 1.57 1.39 20,6 18.8 29 3 Rl -
1700 F - - 20 .5 18‘5 3 0 h o6 -

Table A-13

Results of sampling at anchor station G Rappahannock River April 26, 1951

Current. vélocitly L Secchi

. (knots) - "Tomperature.. °Ce. :', Disk"

Time } Tide c.8wface .} Botton Surface.| Bottom . .. e’
0855 E - - - 16,0 | 16.0 Ly
010] = 0.85 0.75 16.3 16,0 42
1100 = 1,15 1,02 16.4 16.2 38
12151 E 1.39 1,27 16.8 16.6 38
1315 E 1.3% 095 | 17.0 16,5 35
5] =B 1l.2e 1,04 17.0 169 35
15| EB 1,05 0481 169 16,5 35
1615 © o.ga 0426 17,0 16.;.3 Lk
715 T 0. 0.78 17.0 16, § 40




Table A-1h
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Results of sampling at anchor station 91,3 Rappehannock River April 11, 1951

Average of surface and'bottmnfaamples.

Current Secchi | Dissolved Hydrogen ion
velocity [ Temperature | disk oxygen Sulphates | concentratio:
| Time | Tide | (knots) °Ce cn, PePel, PeDel, PH ’
0600 E 1.50 10.8 25 10.6 10.2 Te3
0700 E | 1.55 10.8 25 10,8 11.7 743
0800 E | 1.59 11.0 20 106 | b 742
{ o900| = 1.48 11,0 22 10.8 12,6 7.l
11000f E 1.51 10.7 21 10,7 15.3 -
1100 E 1.64 11.1 21 11,5 14,9 -
1200 © 1,49 11k 21 | 10,5 154 -
1300 E.}] 1.35 11.7 18 10.6 15.7 6.9
| ool E 1,54 11,5 - 18 10.9 14,8 6.9
| 1500 E 1.53 11,5 17 10,7 14,2 7.0
1600 = | 1.4 123 13 10.6 13.5 7.0
1700f B 1,54 12.4 15 10,7 .5 7.0
Lx



Table A-15
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Results of sampling at anchor stations 88.8 to 936 Rappahannock River
Augwst 22, 1951, All determinations made at gix feet.

Tempera«~

Current - SqoehijDissolve Oxygen
velocity] twe | disk Oz per cent |Sulphates

Station| Time|Tide| xnots ‘| *C. ¢me | DeDem. | saturation| pepam. | pH
92,4 o700} 8 “ 28,0 62 6.2 78 174 |79
91,8 | 0655] 8 - 28.5 54 2.0 28 28,8 7.0

1Y 9L.2 0650l s w 28,2 61 1.6 20 Lot (6,91
90,6 | 06hs| 8 28.0 70 2,6 32 bri,2 6.7
90,0 | 0635| 8 w 28.0 75 1.6 20 528 |65
89.4 | 0630] 8 - 28,0 5 17 21 63.2 |66
88,8 | 0625f 8§ 2841 T 1,8 21 42 4 6.7

93.6 | 0805 S - 275 70 T 92 34 |8.0

9 bh 0800 S o 28 e 61 5 05 70 14 .ll' T ol

ol/ 91.210750f F 0129 28,0 70 2.8 35 30,6 6.8
90,6 {o7hko] F | 0l32 | 27.8 72 1.8 23 418.8 5.6
90,010735f ¥ | QT | 28,0 ™ 1.6 20 45,2 6.5

8o s{om30] F| 0.5 28,0 T 1.3 16 5.2 | 6.7
88807251 F 05 28,2 75 1.2 16 3844 6.7
93.6 1 0930{ S - 2742 59 TeT 9% 1. 8.1
R4 ]0920] s - 28.8 55 b1 60 244 | 6.7
91.8{0915| S & 28,2 68 1.7 22 316 | 7.0

3__‘ 91 02 0910 S - 2800 80 2 05 31 1!-0 ."l' 6 07
90.6 | 0907 8 - 28,2 83 1 18 592 | 646
90,0 | 09500{ S “ 28,0 80 1.5 19 55 6 6.7
89410855 F | 0420 | 28,0 88 1. 1 366 | 6.8
88,8} 0850] » | ol20 | 28,0 81 1.0 13 30,5 | 6.9
B.611035] 8 - ag.h 63 7.7 %6 Lo |82
91,8 { 1025 8 “ 28, ] 68 145 13 35.5 Z.o

4/ L2108 s - 28,0 10 | 243 48 30,5 9
90,6 | 1015] 8 - 28.0 8k 1.6 17 6.5 ] 646

i 89.4{1005] s - 26.0 86 1.1 13 37,5 | 648
| 88,8 ] 1000] -8 - 28.0 89 0.9 nm 33.0 |68
BL115] E| 055 | 27.8 66 745 o 642 | 8.0

: 92.411135] E | 0.22 | 29,0 sk 2.8 36 306 | Tel
| 91.8(1130] = | oM7 | 28.5 65 1.8 22 31,2 | 7.0
54 9l.2] 1125 - E 047 | 2845 65 22 27 302 | 6.8
‘ 90.011115] E | OJ47 | 28,0 72 2,0 26 48,5 | 6.5
894 1105J 2] oh7 | 28.0 78 13 16 375 | 6.7
88,8)1100] E| 0.9 | 28,2 1,1 14 375 | 647
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Table A-15(continued)
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Results of sampling at anchor stations 88.8 to 93.6 Rappahennock River
August 22, 1951, All determinations made at six feet.

Current | Tempera=|SecchijDissolved] Oxygen
velocity] ture disk ) per cent |Sulphates
Station|Time |Tide| knots °Ce . | P.Pams |saturation| p.pem. H
( 93,6 {13k5] E 0.21 28,2 53 8.0 100 54,0 }8.2
92.4 11340} 8 - 28.9 51 6.1 78 064 7.5
91.3 {1335( E | OJh7 | 28.8 49 343 45 27.2 | 7.0
1/ 9142113301 E | 0.7 | 29.0 54 2.9 37 29.5 | 740
\ 90.6 |1325¢ E o7 | 2845 66 2.7 3L 30,5 0.8 |
| 90.0 |1320} E o7 | 28,5 60 2.8 35 54,5 |65
{ 89.4 11315t E o.k7 | 28.4 61 2,0 26 56,0 | 645
| 88.3 1310 E 0.7 | 28.7 86 2,0 27 L15 | 6.6
(3.6 |1507] E| 0.9 | 28.5 56 8.2 103 8.2 |8.2
R J1502) E 0.17 | 28.5 61 6.6 84 158 |76
91.8 |1457] & 0.27 | 28.8 L3 345 45 31,5 |6
|/ 912 J1k52)] E | 0.27 | 29.0 48 345 45 42,0 | 7.0
90,6 |1ub45] E | 0431 | 29.0 2 | 2.7 35 345 |70
90.0 {14351 E | 0.27 | 29.0 53 3. 39 o 6.7
89.4 [1415] B | 0.33 | 28.5 59 2,2 27 66,0 6.5
888 |1400| E | OM7 | 2845 58 25 31 5L6 | 647
93.6 |1620] E 0,19 | 28.5 53 8.2 103 L2 8.
924 |1615] E| 0.19 | 28.k 52 7.0 89 k8 7.3
91,8 {1610 E | 0.26 | 29,0 57 L6 | 58 254 173
/ 91,2 {16051 B | 0.27 | 29.1 b5 b5 56 32,0 | 7.0
90.6 |1600] = 0.27 | 29.0 61 2.7 35 40.0 ] 7.0
90.0 {1557 E | 0.27 | 29.0 56 3. 39 K6.5 6.8
89. 11550 B | 0.27 } 2845 70 2.3 29 73.5 |65
\ 88.8 |15k5] ] 0.33 | 28.8 57 2,0 27 65.0 | 6.
93.6 |1730] E | 0.08 28, 58 8.2 103 4.2 842
) 92,4 |20 E ] 0.2 | 28, 30 7.5 %6 A |85
01.8 {1715 B 017 § 28.5 51 b6 59 19,2 | 743
9.2 j1711] E 022 | 29,0 50 347 48 28.8 ] 7.0
90.6 |1708] E ] 02 | 29.0 55 3.1 40 36.0 ) 7.0
90.0 |L705] B 022 | 2849 51 3.l 40 36.6 | 6.9
89.4 [1700] E 0.22 | 2845 58 2.7 3% k95 ] 66
88.8 1 1655] B | 0,26 | 28,45 55 . 2.5 32 52.0 | 6.6
93,6 |1815] 8 - agé 56 8.3 10k 3.8 | ToT
[ 92,4 {1810] S - 28,0 5 |- 70 89 28,6 ] 8.8
01.8 |1805] s - 28,4 54 5.1 6h 4,0 6.9
91,2 {1800{ s - 284 45 4,0 50 72,5 | 6.8
90.6 |1795] 8 - 28,5 56 3.2 40 1.0 }6.8
9040 {1750 S - 28,k 52 2.8 3> 37.5 | 6.7
89,4 fLTU5] S - 28,4 58 3.0 38 575 | 645
83,3 {1740} s - 27.8 45 3.7 46 42,0 6.7




Teble

A-16

~ 221 ~

Results of sampling at anchor stations 85.2 to 93.6 Rappahannock River
October 3, 1951, All determimations meade at six feet.

Cuwrrent | Tempera~| Secchi{Dissolved] Oxygen

velocityy ture disk 02 per cent |Sulphates
Station{ Time{Tide| knots °Ce cm, p.Den. | saturation! p.p.a. oH
/ 85,2 10735] S - - - - - - -
! 93.6 |0805 E - 22,0 76 1.1 12 90.0 }6.3
¥ 91,2 |0815f E - 22,0 102 0.2 3 69,0 6.6
| 88.6 o825 E - 22,0 142 2,0 22 56,0 |} 6.0
\ 85.2 |0335| E 0.39 | 22,0 95 4.3 48 5L,0 }5.9
‘3.6 |0935] E - 21,5 82 2.2 2k 53,0 |6.8
1) 91.2 |0943| E - 22,0 95 0.7 7 76,0 1645
| 88.6 |oosk| E - 22,0 155 2.0 22 57.0 |68
\85 2 |1005| E 0.63 22,5 105 3.8 43 50,0 }6,8
‘RS {1055 E - 21.9 o3 6.3 70 17.0 7.2
1) 912 jr106) =B - 23,0 8l 0.0 0 84,0 6.5
| 88.6 (1115 E - 23,0 130 2,5 28 51,0 }6.0
k\85.2 1129 E® 0.27 22,9 100 3.1 35 51.0 | 6.7
/ 93.6 |1220] E - 21,9 78 9.3 105 b7 (6.7
._R 91 02 1239 E had 25 ou’ 87 0.0 O 89 .0 6 06
1305 E - 2545 118 2.7 32 48,0 6.5
,’93.6 0f E - 23.7 108 10.0 115 1.8 |7.9
</ 9l.2 |ikest E - 23.8 70 0.0 0 2,0 16,7
88.o ol F - 23 .7 110 k- 38 51.0 ]6.9
\85.2 145 F 035 | 23.9 | 148 341 36 o 647
‘3.6 11615 7| = 21,8 ol 8.3 %3 131 {73
|-< 91.2 1625 F - 23 .O Bh 0.0 O 7800 605
1 8846 |1635f F - 23,0 112 3.6 L2 570 16.7
\85.2 |1645] F | 0.87 | 23.0 5 542 58 - 6.8
"93.6 {1810 F 22,0 .86 749 89 92,0 |73
4 9L.2 {1750 F - 23,0 110 2.3 25 66,0 |65
88,6 {1730 F - 23.0 114 3. 39 51,0 6.7




