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A BRIEF HISTORY AND DESCRIPTION OF THE RICH
MOND WATER WORKS. 

BY CHARl-ES E. BOLLING, SUPERINTENDENT WATER WORKS, RICH
.MOND, VIRGINIA. 

Richmond was chartered in 1782, and from that time to 1832 the 
citizens got water from springs and wells in their .midst. At ~e 
time, early in the present century, a wooden condu1t, of bored pme 
logs, fastened together •by driving the smaller end i~to the larger, ~s 
laid from a hold spring in the eastern part of the c1ty along the pnn
cipal street for over a mile, the size of the bore was three inches. This 
pipe furnished several taverns and many citizens .. Often now in ma~
ing excavations in the streets, we uncover this anctent wooden condutt,. 
and find it still sound and undecayed. I mention this, as it may be 
of interest to t·hose 'who are now considering the laying of wooden 

• mams. 
In the year 1830, the city of Richmond having a population of I6.

o6o people, decide-d. by a vote of the citizens, .to coMtroot Water 
Works. The City Council engaged Mr. Albert Stein, formerly a resi
dent of Philadelphia to prepare plans and supervise the construction. 
It is necessary to· describe the situation of Richmond, in order clearly 
to understand. Ric-hmond is on James River, at the head of tide 
water, ·Uhe topography of its site is exceedingly varying. consisting of 
a succession of hills and valleys. differing in elevation as much as one 
hundred and sixty feet. From the head of tide water, the river chan
nel rises rapidly along a rocky bed~ and at a distance of a mile and a 
quarter, it has ·reached a height of forty feet above mean tide. At 
this time, a part of the James River and .Kanawha Canal bad been 
constructed along the northern shore of the river, and its water surface 
was eighty-three feet above tide. Here ~fr. Stein selected a site for 
the pumps and recommended that power be taken from the James River 
and Kanawha Canal under a head of forty feet above the river. Thi5 
plan. however. was not carried out. The power was obtained from a 
small forebay, parellel with and below the canal, about soo ft. long, 
which was supplied by means of a low wooden da·m built upon the 
rock ledges, and which afforded a head of ten feet. This water power 
was leased. T~ wheel and pump were furnished by William Kemble 
of New York. A low breast wheel, operated a double acting horizon
tal pump of 400.000 gallons daily capacity. From the pump to the 
reservoir. situated on a hill 2.500 feet distance and 16o feet above it. 
an eight-inch cast iron main was laid. The di1llensions of the reservoir 
were I94XI04XIO ft. 8 inches. and its capacity one million gallons. The 
reservoir divided into two equal compartments by a brick wall, the 
enclosing banks of clay. inner slopes and bottom paved wirth brick. In 
one compartment a filter ·bed 32 1-2 ft.x16 ft. and 3 feet above the 
bottom of the reservoir. was constructed. The bed consisted of layers 
of coarse gravel, fine gravel and sand. By means of the pipe arrange
ment water was forced upward and finally found its way over the 
division wall into ·~he other compartment of the reservoir. For the pur
pose of cleaning the .bed, water could be ad-mitted from the surface. 
and wasted through the pump main. by means of a waste branch into 
a ravine. Mr. Stein states in his report "that this was the la~~t fil
tering bed in the United States, and says also "that he was doubtfuT 
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of its proving a success." The water in the reservoir was. 21 1-2 feet 
higher than the highest point in the city, and w~s supphed through 
a 10 inch main 6,175 feet long, esti·mated to dehver 400,000 g-allons 
daily; and according to Mr. Stein's calculations, furnished. 4,000 fa.rn
iJies, allowing 100 gallons for each family. From the ternunus of the 
main, smaller distributing pipes were laid, and a few fire plugs erected. 
The cost of the works &c., exclusive of the dam and forebay, was 
,76,86o. The works were accepted by the city February 17, 1832. In 
1833, another water wheel and pump. of ~he same design ~nd capacity 
•·as erected, and another 8 inch matn latd to t:he reservotr. In 1835 
the filter bed was pronounced a failure for clarifying the water, and 
its use abandoned. In 1835 the city purchased the dam, forebay and 
water power rights for $25,000, and five years later replaced a portion 
of the wooden dam, with a stone dam. In 1843 the population then 
numbering 23,000, .the .reservoir capacity was increased to seven milli.on 
gallons, by raising the banks, and a new addition. In 1848, there were 
J .~12 water takers, and the supply becoming scarce, a new supply main 
12 inches in diameter, 6,175 feet long was laid to the city. In 1849 two 
more pumps of the same design. but slightly greater capacity were 
erected, and two 8 inch mains laid ·to the Reservoir. Five years later 
came the demand for more pumps~ and two more wheels and pumps 
were added, of like design to the others~ but larger, hav.ing a capacity of 
2.264.000 gallons per day, and two mains of 12 inch diameter were laid 
from the pump house .to the reservoir. The water takers at this time 
numbered 1.882, the pumping capacity was 4,453.107 gallons and the 
resen·oir capacity 7.000.000 gallons. , 

In 186o a 24 inch water main was )aid from the reservoir to the 
city. In 1873 ·the supply again becoming scarce, the population 
amounting to s6.8oo, more pumps were needed. Under the direction 
of Emile Geyelin, of Philadelphia. two double acting horizontal pumps, 
17 inch cylinders. were put in and were operated by a Jonval Turbine 
\\-"heel 9 feet in diameter under a T2 foot head, having a daily capacity 
of 3.000.000 gallons. during their construction. as a temporary expedi
ent. a Guild and Garrison steam pump, 8oo.ooo gallons capacity, was 
ert-cted on the Canal. This was subsequently sold. A 24 inch water 
main was laid from the pump house to the reservoir. The pumping 
capacity. after the completion of this work. was 7.558.ooo the daily 
con~umption 2.51R.ooo gallons. and the rate per capita 44 gallons. The 
city wa~ now rapidly growing, and houses being erected in t~ higher 
portion:-;. of nearly equal elevation to the water surface in the reser
,•oir. and ~upplierl by mains along streets of widely differing grades. 
Greater pressure was demanded. Up to this time no plan had been 
carefnlly considered or arlo{!ted for future nttd~. hut. step by s-tep, as 
the demand came. pumps and mains had been added. thereby greatly 
increa~ing the co~t. Col. W. E. Cutshaw. city engineer. was directed 
by the Council to prepare plan~ for a new reservoir. After several 
sur,·ey~ he recontmendffi a sit~ and plan for a new reservoir. which waa 
arloptt-_d and bui11 under .his supen·ision in the years 1874 and 1875. 
Tht- ~~t~ cho~en was a h1gh and level plateau. ahout a mile west of 
the olrl res<·n·oir. and two-thirds of a mile fr()m the river where there 
wa~ a good and con\'enient location for a future pumping station. This 
re~ervoir. rectangular in shape is divided into two equal compartments 
by a d1vi~ion bank. Its capacity is 45.000.000 gallons. Th~ banks are 
~ feet h1gh. of good puddle clay spread in thin layers and car~fuJly 
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consolidated by rolling with corrugated rollers. The inner slopes are 
~ to t, paved with bricks laid on edge in hydraulic cement. The bot
tom is covered with 6 inches of concrete. The outer slopes are well 
turfed. On the top of the banks there is a twenty foot gravel roadway, 
margined by a granite coping and iron fence. The bottom of the reser
voir has a settling space 3 1-2 feet below the flow line to the city. In 
the division .bank are constructed the inlet and outlet chambers, made 
of brick and stone masonry. Water can be fed to either compartment 
from the inlet chamber, at the top or bottom. The ot.rtlet chamber 
has three gates at different heights on each side, opening into the com
partments through which the water can be supplied •to t-he city. Two 
30 inch cast iron mains lead from the outside to the inlet chamber, 
with gate valves on the outside of the bank, and two (2) 30 inch sup
ply mains pass from the outlet chamber, with gate valves on the out
side. A 24-inch cast iron main leads from the old pumping station 
·past the lower reservoir, to the new reservoir. This main is so con
nected that it can ·be used as pump main from the old pumping station, 
or to feed the lower reservoir from the new, or as a supply main to 
the city. A 30 inch cast iron main from the outlet chamber 7.100 feet 
long extends from the reservoir to the city. The surface of the water 
is 37 feet higher than thalt of the old reservoir. It was completed and 
put into service January, 1876. • 

Four years afterwards. owing to increased consumption, came again 
the demand for more pumping .machinery. The daily consumption was 
then s.8so.ooo gallons, and the rate per capita 9.2 gallons, double what 
it was ten years before. Surveys for a new pumping station were made 
by Col. Cutshaw, city engineer. resulting in his recom·mendation of the 
erection of a water power plant of 12,ooo,ooo daily capacity, S'ituated 
two miles above the old station, and taking its power from the old 
James River and Kanawha Canal, under a head of 20 feet. This lo
cation was opposite the new reservoir and about 3,6oo feet distant. 
The construction carried with it the cost of deepening and widening 
the canal for a distance of 6 1-2 miles west'War<i, and the enlargement 
of the connecting feeder with James River above Bosher's Dam, a sub
stantial stone dam ~n the river. built by ~rhe Canal Co. This work 
wa.s comm~nced in 188o, and completed in 1882. The canal area was 
enlarged so as to allow for a flow of i05 cubic feet per second, thus 
providing for future additions to the pumps as the wheels then being 
put in, required only 300 cubic feet per second. The pu.rnping ma
chinery was designed by Prof. Charles A. Smith, of St. Louis. and 
was furnished by H. A. Ramsay & Co., of Baltimore. The water 
wheel-tem1ed a vertical partial turbine-23 1-2 feet in diameter, was 
keyed directly to the shaft operating three vertical acting plunger 
pumps, ·tThe crank arms on the shaft placed at angles of 120 degrees 
were. three in . number. The_re. were three sets of pumps, each having 
a datly capac1ty of four m1lhon gallons. The wat~r after passing 
through the wheels is delivered into the Richmond level of the James 
river and Kanawha Canal, where it is again used by large water power 
manufacturies in the city While these works were being buil,t. Rich
mond suffered from water famine. and to m~et the emergency a 
Worthington steam pump of ·six million capacity was quickly erected. 
This is the same pump used at the Centennial Grounds in Ph;ladelphia 
in 1876. It is now kept in reserve and not used. Owing to certa1n con
structions made by the R. A. R. R. Co. who succeeded to the property 
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of the ca-nal, and abandoned its use for navigation, the efficiency of 
the new water wheels was much reduced, so much so that in 18g1, I 
recommended their removal, and ·~he substitution of Speoia~l Lefel 
Wheels, connecting them with t~ present shafts of the pumps by 
means of spur and pinion gears. This was carried out, and these have 
now been in successful operation for nine years, the water is -11fted by 
these pumps through a 30 inch main to the new reservoir, 165 ft. 
above the pumps. In 1898 two of the old low breast wheels at the old 
~tation were completely broken down and useless, they were removed. 
These wheels were 18 feetx16 feet. In place of these a McCor·mick 
turbine wheel, 45 inches in diameter was put in, and connected by spur 
and pinion gear·ing to the pumps. The pump cylinders were enlarged 
slightly, and the speed increased. By this change the capacity of 
these two pumps was increased seventy per cent., though operated 
under the same head of water. 

As a genera·l summary, Richmond has two pumping s.tations and 
a steam auxiliary pump, witJh a total daily capacity of 24 million gallons; 
two reservoirs, one of ten mi11ion, the other of forty-five million ca
pacity, either pumping plant can be used to supply either or both reser
voirs. From the old reservoir. which furnishes the low service, there 
are three separate supply .mains. From the new or upper reservoir, 
two separate supply ·mains, and water can al so be fed to the lower 
reservoir. Should t'he Canal, furni shing power to the new pumps, 
be injured or <:ut off, the old pumps and steam pump will fill the 
higher reservoir, or if the old station was injured or thrown out of 
service. the upper station will supply the whole city. In other •words 
we are doubly protected. The diS~tr.ibution is div·ided ·into three servjces~ 
a high, low and -intermediate. There are 28,700 feet of pump mains, xo.-
972 feet of supply mains, 486.8.~6 feet of distribution mains, 590 fire 
hydrants, 14.554 taps (of which about 12,000 are in use) , and 4.296 
water meters. Our daily consumption is ten milJion gallons and the 
present rate per capita 99. 

Meters, though mentioned last, I regard as the greatest improve
ment made to tlhe \Vater Depa·rtment, during my fifteen years ad-

• • • mmtstratton. 
After many years of persuasion, the City Council three years ago 

adopted the meter system, since then 2.500 meters have been set, and 
due to them, our daily consumption has been reduced over 40 per cent., 
the pressure at the high points has been nearly trebled and by an out
Jay of $23,000 for meters the city has saved the expenditure of $270.-
000 for more pumps and mains. 

The membe~ of this Association, who visi-t our pumping stations. 
will find at work the wheel s and pumps erected in I8JO, along with 
those erocted in 1898, and it will be interesting to see the advancement 
step by step in water wheels and pumps. ~owhere else to be found 
in the United States. extending over so tong a period as seventy years. 
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President Clayton :-Gen!_lemen you have heard this interestioa papel' 

of Mr. Bolling. What action will you take in regard to it? 
Mr. Maignen :-I would ask Mr. Bolling what is the actual con

sumption? 
Mr. Bolling:-The consumption averages 10 million gallons a day. 

An average is an uncertain thing when carried through a period ot 
365 days. Our worst conditions are in extremely cold weather, when 
we suffer more, from anchor ice which clogs our pumps and wheels, 
than from anything else, and prior to putting in the meters,-wben we 
had no meters,-we suffered much at the high points from great waste 
at the low points. We have pumped continuously for over thirty days 
seventeen millions gallons a day, under the most adverse circumstances, 
with steam and water power. 

'Mr. :Maignen :-If you had to locate a filter plant, where would you 
locate it? 

Mr. Bolling :-Our river starting at tide, in a distance of nine mile& 
rises 113 feet. Our power is taken from the old James River Canal 
into which empties several streams, draining a large area. The falls of 
the river are such that we can lead water by gravity from the river to a 
large sedimentary basin, and the canal, which furnishes the power will 
intt'1"oept and receive ~the surface water. and these st'reams. \Vitth about 
:zo day's sedimentation of our water, we get rid of 8o per cent. of the 
muddy deposit. and there is a great improvement in the water from a 
bacteriological standpoint, although there are very few bacteria in the 
water, as Dr. Levy remarked yesterday. I believe the water carried 
through a period of ~ day's sedimentary storage would meet the 
ordinary conditions of clear water. Secondary treatment, if necessary, 
could be carried on by means of lower basins where a coagulant could 
be admitted and the decanted water passed to the pumps and filter 
plants at a point very near the pumps. could be easily constructed when 
necessary anrl the water flow by gravity to the pumps. The water sedi
ments in the present reservoir to some extent, but not so much as if in 
an actual state of quiescence, as the passage from its inlet to its outlet 
takes about five days and that does not remove as much of the muddy 
deposit as we could desire. 

Mr. Maignen :-What would you think of using the new reservoirs 
for sedimentation purposes, employing centrifugal pumps actuated by 
an electric: motor fed from the river water power, to raise the sedi
mented water into the filters placed near by and from which the filtered 
water would flow direct to the city, supplying the higher part with 
filtered water, and what water was not consumed would overflow into 
the old reservoir which would supply the lower part of the city with 
filtered water, as now is the case, with this difference, that all the city 
would have filtered water from both elevations? 
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Mr. Bolling :-The· only change necessary would be the construction 
of a pumping station to lift the water from the present basin, pass it 
tbrougth the filter beds. wd then pump i.t £rom the filter to the city. 
I think that would be the only change needed? 

Mr. Maignen :-I think that is so. 
Mr. Bolling :-That practice would be more expensive than the con

struction of sedimentation basi.ns. We have gone into that, and consid
ering the additional cost of the coagulant and the small amount of sed
imentation obtained in our present reservoirs has led us to give up that 
idea. The water sediments in the reservoir, to some extent, as it slowly 
passes through the reservoir, but it is only in the reservoir five days, 
and in that time there is not enough of the mud in solution remoTed 
from the water as is necessary. 

ll\1r. Trautwine :-In regard to !\-ir. Bolling's menltion of his difficulty 
with anchor 1ce, I would say that i.n ·P.h11ade1.p'hia. at .the steam pump;ng 
stations. that difficulty is overcome by discharging the outboard deliv·e ry 
from the s.team pumps just above the intakes. The hot water from that 
del.ivery keeps tthe intakes free from anchor ioe. 

Mr. Bolling :-In regard to the anchor ice, I would say that all of 
our steam pumps are constructed in the method suggested by Mr. 
Trautwine the condensed water is discharged from the pumps into the 
canal just above the intake. We have no trouble from anchor ice with 
the steam pumps. It is only with the water power pumps where we 
have suffered, and we propose making some experiments by injecting 
steam into the water wheel$ where the guides get into trouble. 

President Clayton :-The next paper on the programme is by Mr. F. 
A. W. Davis, Vice-President and Treasurer of the Water Works, 
Indianapolis, Ind. The title of the paper, "He who runs may read'' is 
13. review of a paJX~or read ·Ia s.t year o n clauses in certJain franchi se s. 

~ir. Davis :-Mr. President and Gentlemen of the Association-Pre
liminary to reading my paper I would like to say that heretofore I have 
brought you such information as I could regarding the physical property 
of our works. The paper which I sha.Jl read is a review of a paper upon 
franchises, or rather cert~in clauses of franchises. Before reading the 
paper I wish to call your attention to a photograph which I will leave 
here so that you can see it, and with the photograph are some slips 
giving details of an experiment made with a ten inch well. You will 
find that the slips will give you a good deal of information as to the use 
of air, the quantity of water lifted by the air, the quantity Qf air used, 
and some little idea of the expansive force and temperature of the air. 
The temperature of the water and the temperature of the atmosphere 
is included on these slips. I bring these slips to your notice because 
so many inquiries have been received asking for information; I believe 
the only inquiry, so far as I can recall now, that I have not answered is 
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as to the cost of the air lift system. I have not felt that I was justified 
in presenting to you a statement of the coat of lifting water by air with
out having a boiler set aside for this special use, and having the coal 
used in the boiler weighed and also having everything that pertained 
to the operation added to the cost. You will find one interesting state
ment here, and that is to the effect that you will have to exercise judg
ment in th~ use of air. You will find a very great difference in the 
percentage. Properly used, it is a good power, but it can be wasted, as 
you will learn by an examination of the slips. 

I have also brought you some statements which have come from 
St. Louis on electrolysis, and a few samples of the action of electroly
sis ; an action which is entirely new in all my experience with electricity 
upon a comparatively new eight inch wrought iron main. The pipe 
is entirely destroyed. These samples were black when taken out, but 
it was a little damp the day they were taken from the ground, and the7 
begin to show some rust 

Mr. Davis read the paper, as follows: 

• 
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