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I• INTRODUCTION 

~..!lP.9.! J,?tseriptioa 
The Blueatone River is separated from the head.water• of 

the Clinch River by a small mountain range called "The Divide.• 

The Bluestone flows east, paralleling u. s. Route 460, to 

Bluefield, Virginia, and there assumes a northern direction 

of flow to the West Virginia border. A represen'tative map of 

the drainage area is presented 1n Figure 1. 

five significant streams enter the Bluestone RlMr in 

Virginia. valley creek, Beaver Creek, and. Whitney Branch 

flow to their confluence in Bluefield, Virginia. Brush Fon 
and Mud J'ork enter the Bluestone about. t.hrea mllea downstream 

from Bluefield. Brush Pork flows out: of Mercer County, West. 

Virginia, and Mud Pork flows east from Tazewell COllnty, 

Virginia. 

sources 2' stream L@ding 

The Bluest.one River bas a drainage area of twenty square 

miles above Bluefield and 1s subjected to little contamination. 

Bluefield, Virginia acquires iU water supply from the Blue-

st.one, Upstream of the corporate limits. Bea"8S" Creek im-

poses the first significant. loading on the river, 4ue to ex-

cessive infiltration and exfiltration of t.wo interceptor 

sewers crossing the stream. 
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Whitney Branch paaaea through the business diatrieta of 

Bluefield, West Virginia, and Bluefield, Virginia. The stream 
receives street drainage, oil drainage from the railroad yard, 

discharges from several emall industries, and discharges from 

over 100 dwellings in Bluefield, West Virginia. Also adding 

to the loading are two faulty interceptor sewers, each cross-

ing Whitney Branch and Beaver Creek savu:al times. These in-

terceptors, constructed in 1913, are in need of repair to 

control infiltration and exfiltration. 

The 2.75 MGD sewage treatment plant 1• one-half mile be-

low the connuence of Beaver Creek. sewage from the town of 

Bluefield, Virginia, (1960 population - 4,235) and over one-

half of the sewage from the city of Bluefield, West Virginia, 

(1960 population - 19, 256) is processed through the plant. 

Treatment consists of a coarse bar screen, parallel Imhoff 

tanJcs, a fixed nos:zle triekling filter, and chlorination at 

the manhole prior to discharge. 

The United Piece Dye Works, a dyeing and finishing tex-

tile plant, is located one and three-quarters miles downstream 

from the sewage treatment pl.ant. The plant was opened 1n the 

spring of 1961 and 1s at present the largest contributor of 

pollution to the Blueatone River in Virginia. 

!b!, Problem 

The State Water control Board started receiving c::omplaints 

of pollution of the Blueetone River during the fall of 1961. 
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During low flows in the summers of 1962 and 1963, several 

thousand fish were killed. Complaints attributed the kills 

to the United Piece Dye Worlca. The apparent cause of the 

kills was low dissolved oxygen levels in the river below the 

dye plant. 

Studies by the State Water Control Board revealed that 

United Piece Dye Works waa diacharging total .80D loadings in 

excess of the amount authorized by their state pollution per-

mit. The studies also showed that pollution loading• in the 

Beaver Creek drainage area were excesalve. 

The Bluestone Riveria an interstate stream and the 

State Wat.er Control Board in Virginia and the D1via1on of 

Water Resources in West Virginia adopted reasonable programs 

designed to effect control of the discharges of pollution to 

the river in their respective states. 

M. R. Robbins (6) conducted an analyaia o:f Blueatone 

River data and attempted to predict the 41aaolved «.Y9en re-

lations in the river. It is desirable to have such an analy-

sis in order to maintain acceptable dissolved o~gen values 

in the river. The scope of thla investigation is the appli-

cation of a stream analysis equation, proposed by Dobbin• (5), 

to the same data used by Robbins (6) in an attempt to enable 

a IDO%'e meaningful prediction of the dissolved oxygen profile 

at various flows and pollution loading•• 
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II. R.BVIBW OF LI'fBRATURB 

Rivera and streams have always been a means of removing 
wastes from an area. The capacity of a stream to usim1lat.e 

organic pollution was not resolvable until formulation of the 

claastcal analysis by Streeter and Pbelpa (7). An extensive 

research pZ'Oject was conducted on the Ohio River and the fol-

lowing relationahipa for biochemioal oxygen demand, BOD, and 

diaaolved oxygen, DO, profile• along a river st.retch ware 

formulated, 

and 

where L • first at.age BOD at the downsueam end of the atretch 

(ppm), LA • first stage BOD at t.he upstream end of the stretch 

(ppm), D • dissolved oxygen deficit at the downstream end of 
the stretch (ppm)t 1>0 • 4.S.asolved oxygen deficit at the up-

stream end of the stretch (ppm), K1 • the BOI> reaction rate 
constant (per day), 1<2 • the reaeration rate constant. (per 
day J , and t • the time of flow in the stretch (days)• 

These relationships were baaed on the assumption that 

only two major processes are occurring, BOD and oxygen are 

being removed along the at.retch by the bacterial OXidation of 

organic matter, and oxygen is entering at the surface of the 

at.ream through the proc:ees of reaeration. 
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These relationships are not applicable to all ri'l'U 

at.retches due tot.he 1nt.er-relat.ionah1p of ot.har proaeaaee 

taking place in the stretch that are not considered in the 

mathematical models. 
The need. to take into account other processes was recog-

nized by H. A. Thomas (8). M. a. Robbins (6) used. the Thomae 

modification to analyze the Blueatone River data and predict 
the dissolved oxygen relationshipa• Thomas introduced. a rate 
constant, K3, to account for the remoYal or addition of BOD 

by deposit.ion or resuspension. A positive ftlue of K3 indi-

cates deposition and a negative value 1nd1catea addition of 
BOD from l::iottom deposits. The net rau of deposit.ion was as-

sumed to be proportional to K,J,,. The rat.a constant, K3, may 
ti. II 

be uaed. as a catch-all t.e%11l to take into account the effect 

of irregular, non-continuous pollution, dilution, and other 

disturbing influences. 

Thoma••• proposed. IIOdificaUon at.ill cloea not account 
for all of the fact.ors affecting BOD and oxygen profiles in 

a river suet.eh. 
Willi••• Dobbin• (5) baaed hie equationa for BOD and 

dissolved. oxygen profiles along a river on the following as-
sumptions, 

1. The et:ream flow ta atead.y and uniform. 

2. 1'he process for the st.retch as a whole 1• a 

ateady-atate process, the con41t1ons at every 

crosa-aection being unchanged with u.a. 
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3. The removal of BOD by both the bacterial oxidation 

and the sedimentation or adsorption or both are 

first order reaetions, the rates of removal at any 

section being proportional to the amount present. 

4. The removal of oxygen by the benthal demand and by 

plant respiration, the addition of oxygen by photo-

synthesis, and the addition of BOD from the benthal 

layer or local run-off are all uniform along the 

stretch. 

s. The BOD and oxygen are uniformly d1atr1bated over 

each crosa-aect1on, thus permitting t.he equations 

to be written in the usu.al one-dimensional form. 

Dobbin• attempted to incorporate the following factors 

into equations for BOD and oxygen profiles by using the fol-

lowing parameters, 

1. BOD an'1 oxygen removed by bacterial oxidation of 

the organic matter• K1• 
2. Oxygen replaced by reaerat.ion at the surface• k2• 

3. Removal of BOD by sedimentation or adsorption or 

both • K3. 
4. Rate of removal of dissolved oxygen • Os• 
s. Rate of addition of BOD along the at.retch• La• 

6. Continuous of both BOD and oxygen 

by the effect of longitudinal diaperaion • D.L• 
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Assuming that the effect of longitudinal diaperaion 1a 

negligible•• 1nd1cat.e4 for non-tidal streams, the following 

relationships for BOD and dissolved oxygen profiles along a 

atretcb were obtained 

and 

D • t<.1(LA - La )(e-<K1 + K3)t - e-K2t) 
Kl + K3 

It should be noted that when La, K3, and are set equal 

to zero, these equation• become the familiar Streeter•Phalpa 

equation• discussed earlier. 

Rational methods were devised by which the nrious con-

stants int.he equation• might be evaluated bot.h from theory 

and field measur•ents. These methods and example• for each 

constant are discussed fully in the Analysis section of thJ.a 

t.beala. 

Camp (2) ran oxygen balance field studies in the Merrt-

maek River in Massachusetts during the summers of 1962 and 

1963. The•• studies indicated t.lat. up to 80 percent of the 

BOD reduction was by sett.ling t.o the river bottom and that 

approximately two-thirds of the diaaolved oxygen we.a fur-

ntahed by photoayntheaia. 
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The field studies showed that atmospheric reaeration 

was a relatively insign1~1cant producer of DO as compared to 

photosynthesis by algae. Camp concluded that. algae a.re es• 

sential to pollution control in streams and their complete 

d.estruct1on in waters receiving pollution might cause con-

struction of eostly waste treatment plants to satisfy the 

oxygen requirements. 

Camp found wide variations in water temperature through-

out a 24-hour period and in average 24-hourBOD'• from day 

to day. A light-and-dark-1::ottle technique was used with 

continuous recording of DO in the bottles sumerged in the 

water at each of the sampling stations. This technique ac-

counted for possible errors 1n incubation of BOD bottles at 

constant temperature in the laboratory. 

The equations Camp used to solve the 00 sag curve were 

eimilar to those developed by w. E. Dobbins (5) and attempt 

to include the addition of 00 by photosyntheeia of algae. 

The BOD equation proposed by Camp is as follows, 

in which La and Lb are in ppm, K1 • the deoxygenat.ion con-

stant, K3 • t.he rate eonatant tor the settling out ot BOD to 

the bot.tori deposits in ppm per day, p • the rau or addition 

of BOD to the overlying water from the bottom deposits in ppm 
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per day, and t • the time of flow in days between stat.ions 

• and b. 

The DO equations in terms of the saturation deficit are 

•• follows, 

in which Db and Da are oxygen deficits at stations a and b 

in ppm, K2 - the atmoapheric reaerat.1on rate constant, o<:. • 
the rate of production of J)O by algae through photosynthesis 

in ppm per day, and the other parameters are as defined 

before. 

The values foroCin each atretch were determined by use 

of the light-and-dark-bottle technique. The difference be-

tween the changes in oxygen content in the two bottles repre-

sents the oxygen produced by photosynthesis du.ring the ex-

posure period. 

Camp concluded that all factors must be considered to 

obtain meaningful results and recommended the development of 

au.ttable equipaent for the continuous recording in the field 

at the average water temperature and average DO content over 

the at.ream croaa-aeetion at each river atation. 
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III. MST'HODS 

A. source• !{ ™ 
The state Water Control Board baa been collecting data 

on the Bluestone River an4 ita t.rlbutarlea, on the waate dis-

charges of United Piece Dye Works, and on the Bluefield sew-

age treatment plant since 1962. Monthly report.a submitted 

by United Piece Dye Works and laboratory reports on the opera-

tion of the sewage treatment plant are sources of data. Alao, 

the Virginia state Water control Board collects at.ream moni-

toring data and special st.ream and effluent data. An attempt 

w1ll be made to analyze the existing data ao •• to enable the 

prediction of the dissolved oxygen relations. 

There was a laCk of flow data for the aection of the 

Bluestone River under 1nveat1gat1on. Flow data from the 

gaging station located at Pipestem, Weat Virginia was corre-

lated to flt the sect.ion in quest.ion. A compuiaon of drain-

age areas and a statistical analysis of :flow data was in-

vestigat.ed. The statistical analysis for a regreaslon through 

the origin (1) was used on the collected flow data in Table 1. 

A ratio of 6 to l was arrived at from Figure 2. 

Figure l la a representative map of the Bluest.one River 

Basin with the monitoring stations indicated. The location 

of United Piece Dye Works and the Bluefield aewage treatment 

plant are also indicated. 
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Table 1. FJow Data 

stat.ion #5 
Date Station ti (Flowe in cfs) Pieestem STP 

8-29-62 9.0 - 44 

l0-30-62 10.0 17.97 58 2.33 

6-24-64 - 12.76 44 2.45 

9-2-64 14.35 15.06 96 2.24 

ll-11-64 - 10.735 29 2.40 

Assuming the effect of longitudinal dlapersion is negli-

gible as indicated for non-tidal streams, the equations for 

the BOD and dissolved oxygen relation• along a river stretch 

used in this investigation are given by 

and 

K2 - (Kl K3) 

+ Do e-«2t + (~ + ) (1 _ e-K2t). 
K2 iil"il+ K3) 

This inveatigation will attempt to use these equations 

to predict the dissolved oxygen relations fr011 data taken on 

the Blueatone River from August 28, 1962 to August 29, 1962. 
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'l'he data was taken in two samplings spaced six hour• apart. 

B. AnalYJiS 

Plow Re1at1gn• 

Flow data taken at station• 4 and 5 were plotted against 

flowa at the Pipestem gaging station for the aaae dates. The 

data in Table l was plotted in Pigue 2 and analysed by the 

regression through the origin met.bod (1) and the equation for 

the line of best fit through the data was determined. The 

equation la of the fora 

y • bx 

where b • ~x1Jl • 
zx1 

'!'he data yielded b • o.1789 and therefore the equation 1• 

y • 0.1789 X • 

The analysis is found at the end of the thesis. 

The line of beat fit in Figure 2 has a slope of s.56 to 

1.0 and the ratio of flows ueed on the data in the 1nveattga-
t1on wae assumed to be 6.o to 1.0. This ratio 1• also close-

ly related to the ratio of the drainage area• of the Blue-

stone R1nr Basin and the Pipeatem gaging station. 

Proqort1onality Constanta - £5 m £4 
The proportionality constant. c5 used 1n this 1nveat.tga-

t1on was equal to 14.3 for streams. Dobbins (5) found this 
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to be a representative value. The constant. C4 was determined 

from Dobbins (5) plot in Figure 3 of C4 va. (~)•. Table 
H 

3 ahows the depth data, H, and the nluea for E, the rate of 

diaeipation of energy par unit maaa for flow as a whole. The 

equation for E ia given by 

E • SUg 

wheres, the slope of the energy gradient, was determined to 

be equal to 0.004 from a topographic map of the river basin, 

and u, the mean velocity, waa determined from Figure 4 know-

ing distances from station to station and time of passage. 

Using the plot in Figure 3, C4 was indicated to be a con-

stant for the low flow in the Bluaatone River and equal to 

o.&6. The value of C4 la uaed in the next step where the 

liquid film thickness, L, is determined. 

Liquid ~&lm Thickness - L 

The liquid film thidcneaa, L• is given by the relation-

An example of the·calculatd.ona is as follows using data found 
\ 

in Table 2. 

where the values were taken from Run 1, station 1-2. The 
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values of Lare needed to determine the 11qu14 film replace-

ment frequency, r. 

Liquid E.Qm Replace111ent. Pr!.9Y!ng, - £ 
'l'he liquid film replacement. frequency, r, 1• giYen by 

the ex.presaion 

An example of the c:alc:ulationa, taken from Run land Stat.ion 

1-2, is as follows 

The values of rare needed to determine the transfer coeffi-

clent, Ki,• 

'l'ransfaf Coeffieiept - KL 

The transfer coefficient, ICi,, 1• given by the relation-

ship 

Ki, • Aly eothAln,2 
/ V . ~Dm 

where 
Dm • 2.037 (l.037)T-20 (10-5 cm2/sec) 

An example using values from Run 1, Stat.ion 1-2 is•• follow• 
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i;. • Aj1.a, x 10-s x 1.011 x 10-s x o.354 

coth A\ 0.354 X (2.9 X 10-4)2 
1~ le86 X 10-! X le075 X 10-5 

Ki,• o.s4 x 10-s eoth 12.2 • o.a4 x 10-5 x 1.000 

KL• o.84 x 10•5 ft/aec x 86,400 • o.725 ft/day 

Value• of kL are needed to det.entine the apparent. abeorp-

t1on coefficient., Ki,'• 
Appt£ept. A)>forpt.199 Coefficient. - Ks,' 
The apparent abeorptlon coefficient, kL'' 1• gi•en 'by~ 

exp,reaa1on 

ICi,' • Kx,CA 
where CA • 1 + o.3 P2 

The factor CA, tbe rat.lo of the actual lnterfacial area to 11:a 

horizontal projection, ia Yery close to un1t.y for most. natural 

An eDJDple uatng value• fr• Run 1, Stat.ion 1-2 1• 

•• followa 

CA• l + o 3J1),3Z6 :-, 2 • l.::l!2.2 x o.a~ 
CA • 1.00117 



I<x, 1 • 0.725 X 1.00117 

KL'• 0.726 ft/day 
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The value• of Kr., 1 are uaed to determine the reaeraUon 

coefficient, K2• 

aeaeration Coefficient - K2 

The reaeration coefficient, K2, 1a given by the expreaaion 

JC2 • KL• 
H 

Dobbin• (5) baaed this expression for the reaerat1on rate con-

atant on baaic equa t1ons for gaa abeorpt1on. An example from 

value• taken on Run 1, StaUon 1-2 1• •• followa 

• 0,126. K2 0 • 844 o.a&o/day 

The value• of K2 are needed 1n aolvtng the oxygen deficit in 

the diaaolved oxygen relation equation. 

Rate Constant for Blolo9ica.l 9id:dation - k1 
The rate constant for biological oxidation, k1, la deter-

mined from sample• collected from the river and a laboratory 
calcw.ation. The value• of K1 were obtained from Water Con-
trol BoaJ:"d data for aeveral at:.at1ona along the atretc:h and 

the remaining ftluea were eatlmated accordingly. The value• 

for the conatant K1, for each station, are 11ated in Table 2. 

The value• of K1 are needed in aolving the BOD and 41•-

aolved oxygen equation•. 
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Rate of AddJtion of BOD - La 

The rate of addition of BOD along a stretch, La, and the 

rate con•tant for BOD removal by sedimentation or ad•orption, 

K3, are both measures of two 1ndepen&lnt physical proce••e•• 

The values 1n Table 3 were determined assuming that the fol-

lowing three ca••• are poaalble in the atraam. 
Case I. The BOD, L, is decreasing along the stretch, 

and L la le•• than (LA e-«1t). 'l'harefore BOD la decreasing 

faster than the rate of reduction due to oxidation. Now it 

can ba concluded that k3 1• positive. Then aaaae tbat La • 

O and the effective value of KJ can be computed. 

Case I:t. The :SOD ia decreaeing, but L la greater than 

(LA e-K1t). Therefore the rate of addition of BOD along the 

stretch exceeds the removal by sedimentation or adsorption. 

Then assume that K3 • 0 and compute La• 

C&ee III. '1'he BOD ia constant or increasing along the 

etretch. This is an example of C.•e II and may be handled 

ln the same manner. 

The firat step was to determine L for each •tretch waing 

the equation 

y • L(l - e-Ktt) 

where y • 5 day BOD when t • 5 daya. Then cbecJc the value of 

L to determine which caae applied to the stretch. 

Now either k3 or La may ba computed from the following 

equation 
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An ••mpl• taken from Run 1, etation 3-4 1• ae follows, 

21.a - 12 La• (16.S - 12 La)(.9744) 

0.30 La• 11.3 

La• 37.65 

The values of La and. K3 are needed in eolving the rate 

of remov&l of dissolved oxygen. Da, and are listed 1n Table 3. 

aate of !f!!!pval of 010, - DB 
'l'be rate of removal of dissolved oxygen, I>a, can be 

positive or negative, depending on the relative magnitudes 

of the various demands and sources of oxygen. The constant. 

Da la the net rat.a of removal of oxygen by all processes other 

than the blol091cal oxidation of t.he BOD load. The value for 
~maybe computed from the oxygen profile equation, provided 

that the other constanu and .uiablea fort.be particular 

at.retch are 

An example taken from Run 1, station 3-4 la as follows 
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D • K1(LA • La ) (e-(k1+K3)t - e-«2t) 
K1+K3 + Do e-«2t 

K2 - (Kl + K3) 

Bow all the conatant• an4 variable• ara known for each 
atretc:h and the predict.ion equation• ean be written. 

Pre41c:1;1en Bauatum• 
The predict.ion equation• for each run and each atre~h 

are determined. by aubetituting the constant• and variable• 
1nt:o the following D.O .• and BOD profile equation• 



Station 

1 Run 1 

Run 3 

2 Run 1 

Run .3 

3 Run 1 

Run 3 

4 Run 1 

Run 3 

5 Run 1 

Run 3 

6 Run 1 

Run 3 

7 Run 1 

Run .3 

8 Run 1 

Date 

8-28-62 
II 

ti 

ti 

s-2s-62 

8-29-62 

.. n 

II 

Time 

12:01 AM 

12:01 PM 

4:30 AM 

4:30 FM 

8:30 AM 

8:30 PM 

12:15 IM 

12:15 AM 

3:15 PM 

3:15 AM 

12:30 AM 

9:30 AM 

7:00 AM 

7:00 IM 

Q 
(cfs) 

If 

n 

5.14 
II 

II 

6.2.3 
II 

9.66 

" 

II 

4:10 PM 16.063 

5 drzy BOD 
(ppm) 

1.7 

13.5 

17.0 

7.0 

Table 2. StWtion D~ta 

DO 
(ppm) 

7.0 

5.9 

1 • .3 

o.o 
o.s 

20 

21 

15 

24 

20 

20 

23 

20 

27 

18 

21 

20 

20 

25 

,. oo Sat. 
(ppm) 
I 

s.5 

i 

t s.1 
I 9.s 

I 9.0 
i 

I 9.2 
I 

00 De:ricit 
'(ppm) 

3.0 

8.1 

.08.35 

.0835 

" 
.0035 

If 

.00.35 

IJ 

2.07 

" 
.0835 

ti 

.os.35. 

-~ - ultimate-BOD 
·... (ppm/ day) 

6.15 

4.97 

27.80 

11.70 

13.50 
7.50 

1.7.00 

~0.40 

i 9.35 
I . 
I, . 
' 



Stretch 

t - 2 
Run 1 
Run .3 

2-3 
Run 1 
Run 3 

3-4 
Run 1 
R,m 3 

4 - 5* 
Run 1 
Run 3 

5 -6H 
Run 1 
Run 3 

6-7 
Run 1 
Run .3 

7-8 
Run 1 
RUl!ll3 

6 

Table .3. 

C4 L X 10-4 Mean R E r 
(ft~/sec~) (ft.) {ppm/day) ( /sec.) 

.8/44. .042 .66 2.90 • .354 
" II II 2.65 .324 

.950 .0586 .66 2.80 .388 
u It II 2.46 .416 

."115 .0428 .66 2.66 .339 
II u II 2.74 .348 

-.390 .o6.30 .66 2.28 .AZ! 
II II II 2.54 .470 

t.425 .03.34 .66 2.71 .Z72 
II II II 2.98 .289 

1,535 .0510 .66 2.61 .384 
. II It II 2.54 .378 

1,0.35 .0545 .66 2.49 .390 
II II II 2.40 .391 

*- Stretch 4 - 5 
5-day BOD at Q = 0.942cfs = 3,2 • .33 ppm 
Used K1 for STP eff. =0.21.30/day 

**- Stretch 5 - 6 
5-day BOD at Q = o.645cfs = 168 ppm 
Let UPIM 5-day BOD= L = ultimate BOD 

28 

Stfil.t;i.211 . to St!i-tl2n 

C5 = 14.3 

~·x 10-5 Kr. 
I 

(cm~/sec.) {rt./day) 

1.86 .725 
2.23 .764 ! 

I 
I 

1.86 .760 I 
2.19 .854 

2.145 .766 
2.037 • 754 

I 

2.4.30 .910 I 
• I 

1.965 -.860 

2.350 .717 
1.965 .676 

. I 
' 2.065 .799 

2.190 .a12 

2.230 .835 
2.350 .858 

K' K2 !ti. i K or L DB . . t CA L i, 3 a 
(ft./day) ( /day) ( /day) (! /dey-) (ppm/day) (ppm/day) (days) 

I 

! 
11 

11 

Ii 
1.001 .726 .860 .OS.35 1.262 2.960 .375 

ti .765 .9Cfl II ~a =4.630 -1.975 II 

!I 

1 .002 _ .762 .802 .0835 ~a= .31.45 - .682 .335 
II .856 .902 II fa= 5.60 8.650 It 

1.002 .767 1.070 .0835 t = 37.65 1 .23 .310 
1~058 II , a . 

II ti .755 La= 17.15 14.10 

2 • .340 1 .5300 ~a =·60.60 -27.40 .250 1.001 .912 
II .861 2.200 It L = 46.40 -54.00 II 

,a 

1.0004 .718 .504 2.0700 L = 57.00 -64.80 .770 
.677 · .476 II 

,a 
-38.70 II II !La= 43.70 

I 

1.001 .aoo .521 1.5300 L =.34.20 -21.40 .540 ,a 
II .81.3 .530 II 1:C.3 = .162 -.35.00 · II 

I 

1.002 .836 .810 .0835 f3_: .0318 - 3.54 .760 
II .859 .8.30 II II 
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D • ki(X.,. - !!L,._)( 8 -(k1+1<3)t - 8 -k2t) 
K1+J<3 + Do e-K2t 

1<2 - ~1<1 + 1(3) 

+ (~ + =~f1+K3))(l - a-1<2t) 

An example taken from Run l, station 3-4 ia aa followa 

D • 0835 (L• _ U,§S)(e-<.0835 x .31) _ 8 -(1.07 x .31) 
• ff i0835 

+ 00 8 •(1.07 x .31) +(Wl + 37 1 65)(1 _ 8 -(1.01 x .31)) 
1.01 1.01 

D • LA - iii+ O 718 D + 10 25 46.00 • o • 

l'Ollowing th.la procedw:-e the following predict.ion equa-

tions were determined for each stretch and for both Runs land 

31 

Ryp l 

1-2 L • o.9692 LA+ o.465 

D • (LA - 15.1) + o.725 Do+ 1.35 
38.0 

2-3 L • 0.9724 LA+ 10.40 
D • (LA - 377) + o.765 Do+ 9.00 

41.5 
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J::t L • 0.9744 LA + 11.55 

D • (L& - 452) + o.718 10.25 
46.o 

L • 0.6825 LA + 12.6 

D • (LA - 3916)+ 0.5575 D0 + 6.24 • ,.24 
!::! L • 0.203 LA + 22.0 

D • (LA - 27.6) + o.750 Do - l.sa 
1.295 

§::! L • 0.439 LA + 12.58 

D • (LA - 22.4) + o.7545 Do+ 6.03 
2.1a 

Z:! L • 0 .8912 LA 

D • LA + 0.542 Do - s1.o n:a 

l-2 L • 0.9692 LA+ 1.11 

D • (LA -ss,s) + 0.113 00 + o.s4 
38.5 

2-3 L • o.9724 LA + 1.as -
3-4 L • 0.9744 LA+ 5.3 

D • (~ - 20&,q) + 0.1215 D0 + a.22 
46.0 
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j:! L • 0.6825 LA + 9.62 

D • <k• - 301 3) + o.7795 0 0 + 0.11 
-4.53 

5-6 L • 0.203 LA+ 16.8 

D • (LA - 21,1) + o.6938 Do+ o.735 
1.57 

!::1 L • 0.184 LA 

D • LA + o.752 Do• s.67 
r.R 

BX&J!Rle ua1119 BqWltiOM 
using these prediction equations, the eolution to a typi• 

cal problem will be attempted. 

Given, Condition of low now, water t.emperature • 24°c, DO 

at station 5 • 4.oo ppm, 5-day BOD flow1ng downstream• 6.00 

ppm. 

RequJ.redt Find the allowable 5-day BOD load that can be dis-

charged into the etream by United Piece Dye WOZka and at.111 

maintain a DO concentration of 1.00 ppm at \the critical point. 

Using the prediction equation• from Run 1 • 3, the maxi• 

llWII allowable loading from UPDW can be det.el'mlned. 

Run l Station 5-6 

(8.53 - 1.00) • (LA-27 •6 ) + 0.75(8.53 - 4.00) + (-3.88) 1.2,s 
(LA - 27.6) • (l.295)(8.0l) 

LA • 38.oo ppm 



L • (0.203)(38.00) + 22.0 

L • 29.7 ppm 

Run 3 Station 5-6 
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(8.53 - 1.00) • (LA - 21.10) + o.&t38(a.s3 - 4.00) + 0.1,s 
1.s1 -

(LA - 21.10) • (1.57) 

LA • 24.83 ppm 

L • (0.203)(24.83) + 16.8 

L • 21~84 ppm 

With the stream loading of 6.oo pp1 at stations, t.be 

allowable loading at OPDW would then bet 

Run l 

Run 3 

3a.oo - ,.oo • J2.oo ppm 

24.83 - ,.oo. 18.§3 pplll 

50.83 ppm 

the average being so.&3/2 • 25.42 ppm 5-day BOD. 

Therefore UPDW could discharge under t.he g1Yen condiUona 

an 111 timate BOD load of 

y • L(l - a-klt) 
25.42 • L(l - a<-2 • 07 x S)) 

L • 25.~2> 
0.999 

L • 25.42 ppm 

Thl• approach would. allow united Piece Dye Won• to ad-
just the plant discharge wlth t.be changing aueam con41t.iona 

and also •lntain minimum DO cond.ltlon• at t'he crlticral point. 
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IV• GBNERAL DISCUSSION 

The Bluestone River 1• a complex stream with five signi-

ficant branches entering it. The river passes through Blue-

field, Virginia and is subjected a> pollution from railroad 

yards, several small industries, street drainage, and two 

faulty interceptor sewers. rarther downstream discharges 

from the 2. 75 MGD sewage treatment plant and the United Piece 

Dye Works enter the already polluted stream. 

Thia investigation hoped.~ evaluate and predict the 

diaaol'18d oxygen relation• in the Blueatone River by use of 

the film replacement method (5). 

Thia investigation was hampered by laek of now data for 

the stretch of stream under eons1derat1on. Flow data from a 

gaging station in the area we.a st.at1et1cally related to the 

drainage area under investigation. Thia approach allowed for 

variations between the calc:ulated flows and the actual flows 

in the area of 1nnst1gat1on. A gaging station on this 

stretch of the Blueatone Riveria a neceaa1ty for an accurate 

evaluation of the dissolved oxygen relat1onah1ps. 

Data from the Virginia State Water Control Board were 

used in this investigation. The data ware taken in two runs 

spaced six hours apart, starting at. 12101 A.M. and 12101 P.M •• 

reapectively. Data taken over a period of one and one-half 

days yielded information tor each run that incorporated day 
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and night samples. It ia felt that a more meaningful analysis 

could be made 1f data wexe collected separately for daytime 

and nighttime conditions. 

The method used in this thesis could provide more relia-

ble prediction equations for dissolved oxygen relations if 

sampling techniques were tailored to get the necessary data 

for an aeeurat.e analysis. 

The evaluation of the data presented in this atud.y ehowa 

the need and the usefulness of diaaolved oxygen relationships. 

The need for regulation and control of pallution is apparent 

if the Bluestone River is to taver maintain accept.able dis-

solved oxygen levels. The purpose of this atudy was to pre-

dict BOD and DO equation• that could be used for the stretch 

of river under investigation. Thi• purpose was fulfilled and 

the equations employed can be used for guidance until more 

complete data. are available. 

Millard H. Robbins (6) conducted an investigation on the 

same stretch of the Blueatone River and studied the 1dentieal 

data used in this investigation. The conclusions drawn, using 

the Thomaa (8) modification, closely approximate the results 

and c:onclua1ons arrived at ln this investigation. Robbins (6) 

concluded that a minillum of 50 per cent reduct.ion in upat.ream 

waste loadings 1a required t.o maintain deeirabla water quality 

con41tiona at the critical point during critical flows. 

The relation between BOD and disaolftd oxygen in the 

Bluestone River is ccmplex. United Piece Dye Works is a 
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significant source of BOD and tha upatream diasolved oxygen 

is often low. The combination of aub8tant.1al BOD loadings 

and low upstream DO make for undesirable water quality con-

ditions at the critical point. 

A possible solution to the low oxygen conditions in the 

Blueatone River would be to add dissolved oxygen to the river 

by means of stream aeration. Thia is only a euggested aolu-

t.1on and is by no means the only met.hod that ahould be con-
sidered. 

The dissolved oxygen condition• in the Blue•tone River 
1• also complicated by the effect of algae and unspecified 

BOD entering the flow at. various points. It. ia felt that 

analysis is an improvement. over the other met.hoda men-

tioned because the prediction equations derived take into 

account the effect.a of algae and the addition of unapec1fied 

BOD• 
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V • COBCLUSXOJIS 

1. Accurate flow determinations would provide tor better 

evaluation of dlaaolvecl oxygen relation•hipa. 

2. Data eampling to provide for aeparate day and night 

detenlnationa voul.d have more meaning. 

3. 1'ha prediction equation• arrived at in thia study uy 

be used as guidepoeta until a more complete atu4y can 

be c:empletecl. 

•• The c,apaeit.y of t:.M rlftr, •• indicatec! by the exallple 

p&-o'bl•, 1• apprmdlaately 32.0 ppm BOD if the cl1aaolvecl 
oxygen at Station 5 ta to be ma1nu.1ned at approxiMtely 

,.oo ppm. 
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VI. SUMMARY 

A dissolved oxygen relationship stu4y was conducted on 

the Bluestone River using Virginia State Water Control Board 

data. l'low clat:a from the gaging atation at Pipeetem, Weat 

Virginia was statistically related to the drainage area under 

study. The film replacement method proposed by Dobbins (5) 

was used for solving K2• 

The study shows a definite need for the improvement of 

the water quality in the river• Thia could be aceompliahed 

by reducing the BOD loadings on the Bluestone River and/or 

increasing the dissolved oxygen in the river. A suggested 

solution might be at.ream aeration. It 1• also suggested that 

a more complete study be conducted ua1ng actual flow data 

and controlled sampling. 
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X • APPENDIX - NOTATION 

'1'he following notation ls used in this thesis and is 

applicable to the equations stated• 

A• cross-sectional area (ft2) 

As= actual surface area (ft2 ) 

A0 • horizontal projection of A8 (ft2 ) 

c • concentration of dissol,red oxygen (ppm) 

CA • ratio of A8 to A0 

Ca• concentration of dissolved oxygen at saturation (ppm) 

D • dissolved oxygen saturation deficit (ppm) 

Os• rate of removal of dissolved oxygen along the 

stretch (ppm/day) 

Orn• molecular diffusivity (em2/sec) 

Do• initial dissolved oxygen aaturation deficit (ppm) 

B • rate of dissipation of energy per unit mass of 

flow as a whole (tt2/aecl) 

Sa• rate of dissipation of energ,i per unit mass in the 

vicinity of tbe surface (ft2/aec3) 

F • Froude number 
g • gravitational constant (ft./sec2) 

H • depth of stream (ft) 

K1 • rate constant for biological oxidation (bue e)(l/day) 

K2 • reaeration constant (base e)(l/day) 

K3 a rate constant for BOD removal by sedimentation or 

adsorption (base e)(l/day) 
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KL• liquid film coefficient (l/t.1ay) 

L •first.at.age BOD or liquid film thiekneaa (ppm/day) 

La• rate of add.it.ion of BOD along st.retch (ppia/day) 

LA• initial BOD (ppm) 

r • frequency of replacement of liquid film ( /aec) 

s • slope of energy gradient 

'I• temperature (0 c) 

t. • time of flow (daya) 

U • mean velocity (ft/sec) 

V • volume of liquid (tt.3) 

y • o~gen demand exerted. in time t (ppm/day) 

v • kinetnat.ic viscosity ( ft2 /aec) 

./J • density (lbs/ft3) 

\J • surface tension ( ft.-lb/tt2 ) 



st. 

st. 

60 

#5-STP 
II 

u 

t4 
II 

» 

" 

X 
10.734 

... ...,,,,.........~ 

9.00 

10.00 

14.35 

15.63 

l0.31 

12.02 

8.34 

y • 0.1789 X 
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x'" xix . ' X 2 j, .. 

41.34 372.00 1708.99 

55.66 556.60 3098.03 

93.76 1345.45 8790.93 

55.66 869.96 3098.03 

41.55 428.38 1726.40 

93.76 1202.94 8790.93 

26.60 221.e4 707.56 

4997.17 27920.87 



ABSTRACT 

The data compiled by the Virginia state Water Control 

Board on the Bluestone River was edited and an attempt was 

made to predict the BOD and dissolved oxygen relationships 

in the river. The only gaging station on the Bluestona 

River is located at Pipestem, West Virginia, and a statis-

tical analysis was used to relate the flows recorded at the 

gaging station and the flows in the area under investiga-

tion. A stream analysis equation proposed by Dobbin• was 

applied to the Bluest.one River data in an attempt to enable 

prediction of the dissolved oxygen profile. 

The etream constant• were determined and the BOD and 

DO equations were of the form 

and 

The arrived at 1n this study may be used•• 

guideposts until a more complete study can be completed. 
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