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INTRODUCTION

Ranney Collector No. 5 is a horizontal collector well used as a source of supply for the City of
Kennewick public water system. During fall of 2008 the well will undergo an improvement project to
install new pumps and disinfection equipment. Cleaning of the well screens, which will be completed
under the same general contract, is the subject of this design report. Design reporting for the other project
components has been prepared and submitted to Washington State Department of Health (HDR 2007).
Contractor work that will occur in relation to this design report includes:
•
•
2

Inspections of the caisson and laterals, including velocity measurements
Cleaning of lateral screens

EXISTING CONDITIONS

Ranney Collector No. 5 was constructed and put into service in 1960. The well is located in Columbia
Park in Kennewick, Washington, where shown on Figure 2-1.
2.1

Well Construction

A drawing illustrating the construction of Ranney No. 5 is shown on Figure 2-2. The as-built profile
shown on this drawing was prepared by the City of Kennewick as part of bid documents for new 10-inch
diameter lateral screen installations that occurred in 1975. Consequently, this drawing pre-dates the
installation of these lateral screens. The plan view of the laterals was obtained from a Ranney Method
Western Corporation report to the City associated with well performance testing. It is assumed this
information correctly details the well construction.
2.1.1

Caisson

The caisson was constructed with a 13-ft inside diameter, and outside diameter of 16-ft. The caisson
walls consist of 1.5 ft thick, reinforced concrete. The City’s drawing used in Figure 2-2 also lists that 130
cubic yards of concrete was used with 8,200 lbs of reinforcing steel. Wall sections, or lifts, were formed
on-site and then set into the caisson excavation. The first lift is fitted with a cutting edge. Lift heights
vary from 9’ 10” to 12’ 0”. A total of four lifts were used in the construction of the well. A tongue and
groove joint occurs between lifts. The total length of the caisson to the bottom of the cutting edge is
about 45’. A cement plug poured to seal the bottom of the well has a depth to the top of the plug of
about 42’, as measured along the caisson wall.
2.1.2

Lateral Screens

There are 13 lateral screens extending from the caisson. Seven of these screens were installed at the time
of well construction in 1960. These are 8-5/8 inch diameter steel pipe with machine slotted perforations,
providing a total screen length of 390 feet. It is estimated from video images that the perforations provide
no more than 20% open area for water entry into the well, and possibly measure 0.25” by 1.5”. The pipe
wall thickness is not known, but is estimated to be at least 0.25”, and likely 0.375”. The wall thickness
will be measured during the wet inspection completed as part of the contractor work.
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Project Location
Ranney Collector No. 5

40

Figure 2-1
Project Location

1,000 Feet
Western Groundwater Services

Adapted from City of Kennewick DWG No. DPW-2
“Redevelopment of Collector No. 5”, undated.

Adapted from Ranney Method Western Corporation (December
10, 1977) report to City of Kennewick, Figure PT-37-1.

New laterals shown on this drawing
were actually set at 313.1 ft msl,
and are 10” diameter

Figure 2-2
Ranney Collector No. 5 Construction
Western Groundwater Services
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Figure 2-3 illustrates selected photos taken from a 1998 video inspection of the 8-inch laterals. These
screens are typically encrusted with scale deposits. A few of these laterals are deflected and kinked.
Lateral no. 2 is obstructed by a 4-inch diameter pipe. The overall conditions of these laterals indicate
common obstructions and heavy scale.
In 1975 six additional lateral screens totaling 453 feet were installed into Ranney No. 5. These screens
were 10-3/4 inch diameter machine slotted steel pipe, also with an open area estimated from video images
as no more than 25%. There is a greater density of machine slots in the 10-inch laterals as compared to
the 8-inch laterals. The wall thickness is not presently known, but assumed to be at least 0.25” and
possibly 0.375”. It will be measured during the contractor work.
Figure 2-4 illustrates selected photos taken from the 1998 video inspection of the 10-inch laterals. These
laterals appear to be in better condition than the 8-inch laterals. Scale is moderate with some heavy areas,
and also areas that are very clean. There were no deflections or kinking, or otherwise deformation,
observed from the video of these laterals.
2.1.3

Collapse Pressures

The work contemplated for cleaning of the lateral screens is very similar to that which was done at the
time of original construction to build the well. This work occurred in 1960 when the caisson and 8-inch
diameter laterals were installed, and again during 1975 when the 10-inch diameter laterals were installed.
This history indicates that structural failure of the well during cleanin would only occur as a result of
deteriorating conditions since 1975, a period of 32 years. Initial inspection and evaluation of the well
condition will be completed by the contractor prior to conducting any cleaning work.
Table 2-1 provides calculated collapse and load pressures related to Ranney No. 5. Two wall thicknesses
were used in the collapse pressure calculations. A factor of safety of 2 was applied. As shown, collapse
pressures for the 8-inch laterals are much higher than external pressures likely to occur during cleaning.
The collapse pressure of the 10-inch laterals is lower, but also sufficiently greater than the external load
pressures. While these numbers are favorable, it must be acknowledged that corrosion and deformation
areas in the lateral screens would have a lower collapse pressure rating.
TABLE 2-1
COLLAPSE AND LOAD PRESSURES
Collapse Pressures, psi (Factor of Safety = 2)
8-in Laterals (20% Open Area)
10-in Laterals (25% Open Area)
249
144
558
342
Load Pressure, psi
Hydrostatic (40 ft, 0.433 psi/ft)
Lithostatic (50 ft, 1.0 psi/ft)
Total
17
50
67
Pipe Wall Thickness (in)
0.25
0.375
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Lateral no. 1. Scale on pipe and deflection at
joint with possible pipe offset.

Lateral no. 4. Scale and apparent pipe deflection at joint.

Lateral no. 5. Heavy scale buildup typical of
8-inch laterals.

Lateral no. 5. Scale deposits typical of moderate scale buildup in the 8-inch laterals.

Lateral no. 2. Approximately 4-in pipe is lodged
into lateral. Diver could not move pipe by hand.

Lateral no. 6. Kink in pipe. Moderate to heavy
scale.

Figure 2-3
8-inch Diameter Lateral Photos
Western Groundwater Services

10-in valve is shown on right. 8-in valve is
shown on left. Pump bowls shown in center.

Lateral no. 3A. Moderate scale buildup.

Lateral no. 5A. Clean pipe with minor scale
deposits.

Lateral no. 3A. Lateral termination.

Lateral no. 6A. Moderate scale.

Lateral no. 6A. Clean pipe with minor scale.

Figure 2-4
10-inch Diameter Lateral Photos
Western Groundwater Services
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Water Quality
Corrosion-Encrustation Potential

Figure 2-5 plots a typical water sample from Ranney Collector No. 5 on an Eh – pH diagram, that also
illustrates the stability fields for various species of iron, the primary element in the steel pipe forming the
lateral screens. The Ranney No. 5 water plots in the stability field for ferric hydroxide (Fe(OH)3). This
point is based on a typical pH of 7.25 and Eh near to 0.8 V. The high Eh is attributed to a high
concentration of dissolved oxygen (6.7 mg/L), which was typical of data collected during 2005 for the
City’s RBF Study. As noted on the diagram, the RC5 water indicates mild to moderate corrosion and
moderate to heavy encrustation. This finding is consistent with the images obtained from the 1998 video
log.
Using typical ion data for Ranney No. 5, the Langlier and Ryznar indices were computed. Both of these
indices are used to indicate corrosion/encrustation conditions with respect to calcium carbonate
saturation. The determined Langlier index value of -0.18 indicates undersaturation with respect to
calcium carbonate. The Ryznar index was determined as 7.61, and indicates the same. In the general
classification of these indices, both results indicate moderately corrosive conditions.
2.2.2

Biofouling Potential

Water samples were collected from Ranney No. 5 on June 6, 2007 at three different times and evaluated
for biological activity, which in turn is used to infer biofouling, or plugging of the screens, by
microorganisms. The first sample was collected at pump start up after a quiescent period, representing
water in the caisson. The second sample was collected after 1-hr of pumping, representing water in the
screens and aquifer adjacent to the screens. The third sample was collected after 4-hours of pumping,
representing water quality in the aquifer at greater distance from the well.
Samples were evaluated for heterotrophic bacteria (HAB), slime-forming bacteria (SLYM), and ironrelated bacteria (IRB) using biological activity reaction tests, or BART ™, as developed by Droycon
Bioconcepts, Inc. One liter samples were received on ice by overnight freight, and immediately exposed
to BART ™ test tubes. Samples were incubated at room temperature and observed daily for reactions.
Figure 2-6 illustrates the BART™ samples after 12 days of reaction. These are the fully reacted
conditions for the samples. A water analysis report is provided in the Appendix.
Sample 1 – Startup
No reactions occurred in this sample. It is most likely the sample contained chlorine. Chlorine may have
entered the sample by leakage into the well from the water system.
Sample 2 – 1 Hour
This sample reacted after 5-days of incubation. HAB reaction at this time indicates a background
condition that would not be expected to contribute to biofouling. SLYM reactions at 5-days indicate a
moderate level of microorganism activity, but not an aggressive condition. The IRB reaction at 5-days
indicates an aggressive microorganism population and possible biofouling potential.
Sample 3 – 4 Hour
There was a very weak HAB reaction for this sample. Given the very minor bleaching that occurred, the
HAB reaction was determined as non-detect. The SLYM reaction was at 5-days, although only incipient
Western Groundwater Services

Adapted from Borch et al (1993)

Eh = oxidation-reduction (redox) potential

Figure 2-5
Eh-pH Diagram
Western Groundwater Services

Sample 1 - Pump Startup
No reaction. Sample apparently chlorinated. This sample is useful for comparison with other samples to assess
degree of reactions that have occurred.

Sample 2 - 1 Hour
Fully reacted. HAB is bleached from
bottom to top (aerobic); SLYM is
cloudy. Ring at top of ball is yellowish
- green; IRB shows brown ring at ball
and brownish solution.

Sample 3 - 4 Hour
SLYM and IRB are fully reacted; HAB is
weakly reacted (cf. Samples 1 and 2).

Blue: HAB (hetertrophic bacteria)
Green: SLYM (slime-forming bacteria
Red: IRB (Iron related bacteria)
Photos taken at 12-days.

Figure 2-6
BART Reaction Tubes
Western Groundwater Services
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at this time, becoming better defined on day 6. The IRB reaction on day 5 also was incipient, and better
defined on day 6. Both the SLYM and IRB results indicate present at moderate levels, with some
possibility for biofouling potential.
Interpretation
Biological reaction tests indicate presence but not necessarily substantial biofouling of the well. These
results suggest that heavy incrustation observed on video of the screens is probably inorganic material
rather than biofilms, although it is expected that some biofouling exists in the well and adjacent aquifer.
These interpretations are consistent with the well history, which has not experienced any observed
continued deterioration of capacity over the past several years, a condition that is more likely in the
presence of electrochemical corrosion/incrustation rather than biofouling.
2.3

Seepage Rates to Groundwater

During cleaning of the lateral screens, water will be discharged from the caisson. This discharge could be
directed into an excavation, or seepage pond, and allowed to infiltrate to groundwater. Information
provided in this subsection pertains to seepage rates that may occur from a seepage pond.
Seepage rates from local irrigation canals, as published by Drost et al (1997, U.S. G.S. Water-Resources
Investigations Report 96-4086), provide one means to estimate possible seepage rates. For canals in
unlined Pasco Gravels, as occur at the site, Drost et al reports canal seepage ranging from 0.4 to 1.3 ft/d,
or equivalently, 3 to 10 gpd/ft2. Fine sediment deposition in the canals would be expected to reduce the
seepage rate from that which would occur into undisturbed gravel.
Seepage rate was also calculated based on data for the aquifer underlying the site. Horizontal hydraulic
conductivity estimates based on Ranney No. 5 hydraulic testing data (City of Kennewick RBF Study)
indicate a value averaging 3,200 ft/d. Test borings installed near to Ranney No. 5 indicate similar
formation materials through the entire aquifer. Assuming at most a 100-fold decline for vertical
conductivity (i.e., K-horizontal/K-vertical=100), this parameter would be estimated for the aquifer as 32
ft/d, or 240 gpd/ft2. Based on a unit hydraulic gradient in the vertical direction (1 ft/ft) and applying the
vertical hydraulic conductivity to the near surface gravel, seepage rate is determined as 240 gpd/ft2. The
unit gradient would occur because the seepage pond bottom will be above the water table.
Considering these values, it is anticipated that seepage rate into undisturbed gravel will be on the order of
the larger estimate, 240 gpd/ft2, or order 102.

Western Groundwater Services
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CLEANING REQUIREMENTS
Well Inspections

Contractor work shall include two well inspections. The purpose of the first inspection is to gather basic
data to enable the contractor to make a determination of the suitability of the well for cleaning, and to
plan the cleaning program equipment requirements. Flow data collected during this inspection will also
provide baseline information on the contributions to the well from each lateral prior to cleaning. The
purpose of the second inspection is to obtain baseline information for the cleaned laterals, providing a
general indication of the level to which the screens were improved in flow capacity. This information can
then be used when considering future cleaning efforts.
The first inspection will occur in the existing well prior to removal of the existing pumps. This inspection
shall consist of: 1) video logging of the caisson walls; 2) video logging of each lateral screen and
measurement of maximum penetration into the screen; and 3) velocity measurements of each lateral under
flowing conditions. The lateral velocity measurements will be made at two flow rates, of approximately
3,000 gpm and 8,000 gpm, as is feasible with a diver in the well.
The second inspection shall be completed after the well has been cleaned and the new pumping system is
installed and operational. This inspection shall include video logging of each lateral screen and velocity
measurements of each lateral under flowing conditions. The same flow rates shall be used as for the
initial inspection.
Video logs for the well shall identify laterals by voice annotation according to the numbers shown on
Figure 2-2.
3.2

Gate Valves and Extenders

Each lateral screen terminates into the caisson at a gate valve, which serves the purpose of shutting-in the
screen, such as for cleaning of the well. These valves will be inspected and replaced as necessary. The
replacements are made by divers working in a caisson at static water level conditions. This work will
occur as a separate bid item in the cleaning bid schedule.
Valve extensions that enable operation of the valve from above the water level in the caisson are presently
installed in Ranney No. 5. The extenders terminate above a grated platform set approximately 6-feet
below the present caisson lid. These have been used historically to isolate laterals; however, this use is
infrequent. As part of the Ranney project work, valve extenders will be removed from the well, as will
the grating platform. There will be no penetrations through the newly constructed lid for the extenders,
and future exercising of the valves will require diver access into the caisson.
3.3

Screen Cleaning

The purpose of screen cleaning is to disrupt and develop the aquifer formation outside the perforations of
the screen, thereby improving flow into the well. During this process, some material is also cleaned from
the inside of the screen, although internal cleaning is not a priority of the procedure.
Cleaning of well screens has a long history and a myriad of methods, applying both mechanical and
chemical procedures. Given Ranney No. 5 is operating in generally good condition, only mechanical
cleaning procedures are being considered. Biofouling potential of the well appears to be a minor concern
based on water quality data. The mechanical approach is also most consistent with contractor
capabilities.
Western Groundwater Services
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The contractor shall be required to demonstrate expertise working on horizontal collector wells, and shall
work within a dewatered caisson during the cleaning procedure. Working in a ‘dry’ caisson is important,
as it allows the full hydraulic head outside the caisson to drive water through the screen into the well at
maximum flow and velocity. During the cleaning procedure, the lateral flow that occurs is greater than
that which occurs when the well is produced by pumping. This higher flow during the cleaning process
reduces the chance for the well to produce turbidity for a short time upon initial startup after cleaning.
Cleaning shall be accomplished one lateral at a time using a self-rotating water jetting tool and integral
return discharge line (‘sand line’) that are hydraulically advanced into the screen. The rate of
advancement shall be monitored and adjusted by the contractor, but shall not exceed 2 feet per minute.
Contractor shall furnish and use an inventory of nozzle styles that can be selected from to optimize the
cleaning procedure. Equipment used during cleaning shall provide a working pressure up to 3,000 psi and
flow up to 50 gpm. The pump motor rating shall be at least 200 hp. Water used for jetting or added to
the caisson to facilitate the operation, shall be obtained from the City of Kennewick public water system,
accessed through a fire hydrant on-site. Pumping equipment used to discharge water from the caisson to
waste shall have a minimum capacity of 1,500 gpm.
3.4

Fluids Disposal and Monitoring

As part of the work to clean the well screens, the contractor will be responsible to manage discharges
from the well in a manner that is compliant with local, state, and federal laws. The contractor will plan
his preferred method for handling the discharge water, and shall obtain all permits, as may be required.
The available options include discharge to groundwater and/or discharge to surface water. Seepage to
groundwater can be done without treatment. Discharges to surface water must be free of chlorine and
suspended solids, and must occur without erosion or the development of suspended solids in the receiving
water.
There are no permitting requirements for this discharge method as part of the construction project, as
determined by discussion with Ecology staff (personal communication, Rick Frye, Central Regional
Office, (509) 575-2490). Discharge of water from the well to a seepage pond, and subsequent infiltration
to groundwater is allowed without permit. Clean water of low turbidity, e.g., <1 NTU, can also be
discharged directly to surface water without a permit. Discharges to surface water must be untreated
groundwater free of any suspended solids. The act of discharge is not allowed to result in erosion of bank
or bottom material, or otherwise result in the suspension of sediment in the water. Discharge directly to
surface water could be used in conjunction with discharge to a seepage pond, assuming that suspended
solids and turbidity were acceptable.
Archeological limitations of the site do not allow for seepage pond excavation at the contactor’s
convenience. A chlorine contact pipeline that will be constructed for the project will require a large
excavation that is approved. The pipeline excavation can be used as a seepage pond; however, this would
occur after the pipe has been installed and backfill emplaced to within approximately 30 inches of the
final grade. This excavation measures approximately 580 feet in length by 20 feet in width by 10 feet in
depth. Total surface area is approximately 11,600 ft2. It is possible this excavation has insufficient size
to accommodate the flow from cleaning of the well, and therefore would require either delays in the work
to allow for seepage, or combined discharge directly to surface water, assuming water quality is
acceptable.
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If the contractor chooses to discharge to surface water, monitoring of the discharge will be required. On
each day that discharge occurs, the contractor shall be required to record the rate of flow, start and stop
times for the discharge, turbidity, temperature, pH, conductivity, chlorine residual, and suspended solids.
Only suspended solids will be allowed as a laboratory measurement. The other parameters will be
required to be measured in the field, using calibrated instruments, as applicable.
3.5

RBF Performance Testing

The City will conduct RBF performance testing separately from the contractor work to clean the lateral
screens or build the other improvements of the project. A sampling and analysis plan will be submitted to
Washington State Department of Health for approval. City staff will collect samples, and a consultant
will evaluate the data and provide report submittal to the Department of Health.

Western Groundwater Services

Appendices

Western Groundwater Services, LLC · 6595 Bear Claw Lane · Bozeman, Montana · 59715
406-585-5947 · 406-522-8653 fax
WATER ANALYSIS REPORT
Client:
Project:

HDR Engineering, Inc.
Kennewick Ranney Collector No. 5

Report Date: 6/20/07
Collection Date: 6/6/07
Matrix:
Water

Analyses

Result UnitsA Method B

Comments

Sample at pump start, 10:05 AM
Heterotrophic Aerobic Bacteria
Slime Forming Bacteria
Iron-Related Bacteria

NR
NR
NR

Days
Days
Days

BART HAB
BART SLYM
BART IRB

Non-detect
Non-detect
Non-detect

Sample at 1-hr after pump start, 11:05 AM*
Heterotrophic Aerobic Bacteria
5
Slime Forming Bacteria
5

Days
Days

BART HAB
BART SLYM

Iron-Related Bacteria

Days

BART IRB

<7000 cfu/ml, Background
~2,500 cfu/ml,
Moderately Aggressive
~2300 cfu/ml, Aggressive

Sample at 4-hours after pump start, 2:05 PM*
Heterotrophic Aerobic Bacteria
NR
Slime Forming Bacteria
5

Days
Days

BART HAB
BART SLYM

Iron-Related Bacteria

Days

BART IRB

5

5

Non-detect
~2,500 cfu/ml,
Moderately Aggressive
2300 cfu/ml, Aggressive

NOTES
A

BART units are reported as days to reaction. Concentrations of microorganisms reported in the ‘Comments’
column are approximate.
B

BART ™ is an analytical product of Droycon Bioconcepts Inc., Regina, Saskatchewan, Canada, www.DBI.ca

*SLYM and IRB results for sample at 1-hr were similar but more vigorously reacted than sample at 4-hr.
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