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Presentation Notes
Thank you for the opportunity to talk with you.  The photo that you are looking at is of the flooded Mohawk River at Cohoes, NY (USGS station 01357500)
At Mohawk Fall, New York.  In the foreground, circled in yellow, is a USGS streamgage.  This devices reports the water level of the river and permits the USGS to compute the flow of the river at that point.  My talk will focus on streamgaging  and the USGS streamgage network.


Surface Water Monitoring Networks

Site Selection/Network Design
*Federal “backbone” (~3,200 gages)
*Non-Federal network (~4,800 gages)

Streamgaging process/standards/QA
«Stage monitoring
*Flow measurements
*Rating/shifts

Network-support infrastructure
*Records processing
Facilities/Equipment
*Training (for USGS & others)

Furnished Records

The Future
a2 USGS
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Overview:  
There are 8000 streamgaging stations, of which 3,200 have been identified as Federal "backbone" gages (NSIP eligible), and about 4,800 non-backbone (not NSIP eligible) gages.

Sites are selected to address Federal backbone and/or non-backbone interests. I will address details later in the talk. We're going to talk about the streamgaging process so that the committee will understand the relevance of the standards and QA practices, and we will discuss network infrastructure, the role of furnished records, and close with some comments on the future of streamgaging in the USGS.



Streamflow Information is Essential

Engineering Design
Flood Reservoir Operations

Hydroelectric Power Ops
Steamflow Forecasting
Water-Quality Regulation
Water/Wastewater Treatment
Irrigation

Floodplain Mapping
Evacuation Planning
Recreational boating
Research

~Corps, BOR, States, locals
—Corps (2,478 sites),

BOR, TVA
—FERC, Utilities
—NWS (3,900 sites)
—EPA, States (TMDLs, etc.)
—Local and State
—BOR, water purveyors
—FEMA (NFIP)
—FEMA (Hazus)
—Qutfitters, individuals
—NAWQA, NRP, CWP, EPA,

NOAA, universities
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Uses:  
Streamflow information is essential for many purposes that we can broadly categorize as water-infrastructure design, infrastructure operation and management, river forecasting, environmental and water-use regulation, recreational planning, and scientific research.


Site Selection/Network Design

* Purpose/Needs drive site selection
* Purpose/Needs evolve and multiple continually
e Difficult to anticipate new needs

* |n addition to the site purpose there is general utility in
naving the data

* General site selection factors
o Physical proximity to project/resource or hazard
o Physical characteristics of the streamgage site

o Representative sampling/coverage (geography,
geology, hydrology, or landuse)

= USGS
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Site Selection:
The purpose or need for streamflow information drives site selection. Some needs, such as operational management need, require that the gage be in close proximity to a particular resource or hazard. In essence, the location is set. Other needs, particularly research and “regional characterization” of streamflow statistics, require that the network sample a broad spectrum of hydrologic, topographic, meteorological, geological, and land use characteristics of the drainage basin.  “Regionalization” refers to a process by which streamflow statistics (the 1-percent flood, for example,) are related to basin characteristics(drainage area, percent urbanization, for example).
 
A major complication in the design of a streamflow network is the simple fact that needs or purposes evolve and change through time as new societal values or economic opportunities emerge. For example, the origin of the streamgaging network is deeply rooted in the water-supply and hydroelectric power industry and irrigation activities, and the need for information to design related facilities and to operate them effectively. In many cases, the same streamgages that were developed at that time later were used to provide engineering information for other purposes such as the design of bridges and culverts.  For example, beginning in the 1950s and 1960s streamflow information was needed to facilitate enforcement of environmental regulations, enable flood and water supply forecasting, and more recently, to facilitate recreational activities.

While we certainly try to some extent, it is often impossible to anticipate some future needs or uses – for example, hydraulic fracturing ("fracking"), which was not considered in the site selection of the current network; and it is only through the preservation of a broad sampling regime that we have data now to address (to some degree) those particular issues. The same might be said regarding other streamflow information needs such as energy development strategies, farming practices, and other information needs. In general, we need to be careful not to over-emphasize the topics which now seem so urgent today, at the risk of diminishing the network's ability to address future issues; we can not expect to justify every gage on the basis of todays headlines without risking relevance to the headlines of tomorrow.  Some degree of long-term prospective is required.


Federal Needs

* Priority considerations
" | egal responsibilities
" Public safety

® Systematic sampling and monitoring for
long-term comparisons

" | ong-term records for reference conditions
* Priority Needs
® State and international boundaries
" River forecasting
" River basin
" \Water-quality monitoring
® Basin sentential watersheds
http://water.usgs.gov/nsip/pubs/Ries  EWRI 2001.pdf

http://water.usgs.gov/nsip/reviews.html
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Federal Needs:
The USGS prioritizes its needs for streamflow information based on some of the following criteria: information for which the USGS is legally required to provide for a congressional compact, treaty, or Supreme Court decree; information needed for public safety and protection of property; systematic sampling and monitoring for long-term comparisons through time and space (with emphasis on sites that provide monitoring of reference conditions (i.e., pristine or natural conditions).
 
Those considerations led to the creation of five priority streamflow-information needs which we are now trying to address through NSIP supplemented very effectively with many of the sites in the Cooperative Water Program.  Those priority needs include:  

Monitoring flows at major State and international boundaries
River forecasting
River basin
Water-quality monitoring
Basin sentential watersheds
 
But these needs are not the only important needs of the Federal Gov’t.  The Corps, BOR, TVA, and other agencies have information needs as well.  In general, theses agencies fund the USGS to operate specific streamgages for them. The NWS utilizes thousands of USGS sites for forecasting, but by long-standing agreement, they DO NOT provide funding.




Prioritization Criteria For Cooperatively Funded
USGS Streamgages In Colorado

Goal 1--Quantify Streamflow in Major Colorado Watersheds

Goal 2--Support Colorado Flood and Water-Supply
Forecasting

Goal 3--Support Colorado Water Administration and
Management

Goal 4--Support Streamflow Gages for Determination of
Trends in Flow

Goal 5--Support Water-Quality Networks in Colorado

\V

= USGS
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Prioritization Criteria for the CWP Funded Streamgages:

There are, of course, streamflow information needs that go beyond NSIP or the OFAs.  In deed, there is a Federal interest in ensuring that water and the environment are well managed though out the county.  The CWP helps secure those needs by working to jointly fund streamgages of general interest to the USGS and of specific interest to the state, tribal, and local governments.  However, CWP Federally managed funds are widely “over subscribed. Formal and informal criteria are utilized by the Water Science Centers (WSCs) in their discussions with cooperating agencies for the selection of sites and allocation of Federal matching funds. These criteria reflect assessment of the WSCs with regard to the scarcity of streamgages in particular areas of the State or the need to sample activities, land use, etc., and the integration of those sites with the Federal backbone network. A good example is the criteria used by the Colorado WSC; their criteria address 5 goals, as listed here. 
 



Prioritization Criteria For Cooperatively Funded
USGS Streamgages In Colorado

Goal 1--Quantify Streamflow in Major Colorado Watersheds

3 points--Gages on major rivers (North Platte, South Platte,
Arkansas, Rio Grande, San Juan, Animas, Dolores, Gunnison,
Colorado, White, and Yampa) that have a > 20% change In
annual flow from downstream gage(s)

2 points—-One gage on small tributaries (tributary flow is >
5% of the mainstem flow upstream from the tributary).

1 point--One gage on small tributaries (tributary flow is > 5% of
the mainstem flow upstream from the tributary).

0 points--All other gages.

\V
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For example, in goal 1, the CO WSC identifies priority streams and utilizes a flow criterion to ensure that rivers are not overly gaged.



Prioritization Criteria For Cooperatively Funded
USGS Streamgages In Colorado

Goal 2--Support Colorado Flood and Water-Supply
Forecasting

3 points--Gage is an NWS, COE, USBR, State, or local flood

forecast gage.

2 points--Gage is an NRCS or NWS water-supply forecast
gage.

1 point--Gage Is a State or local water-supply forecast gage.
0 points--All other gages.

&

USGS
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The CO WSC also considers factors such as the use of the gage and the forecasting of floods and water supply.



Final Allocation Ranking

Ranking Scores and Associated FMF Rates--
2011 Fiscal Year:

* 0-1 points Very Low Ranking 0% FMFs
e 2-3 points, Low Ranking 12% FMF
* 4-7 points, Medium Ranking 40% FMF
* >7 points, High Ranking 46% FMF

= USGS
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Final Allocation Ranking:
Given those criteria, the WSC will prioritize for allocation of its Federal matching funds in accordance with a formula shown here.
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Graph Showing Network Gains and Losses, by gage type:
One of the major goals of the USGS is to ensure the stability of the streamgage network and the thereby the collection of long-term records that meet the 5 Federal information needs. This graphic shows the time histories of the total streamgaging network (in black), the Federal backbone network (in red), and the various – I'll call them "sub-networks" for each of the Federal information needs. 

The dashed lines that parallel the total network and backbone network curves reflect the site “turnover” in each,  new sites (add-ons) and lost sites (losses) for each year. The obvious implication is that the total network is highly volatile, with about 10% turnover each year, while the Federal backbone sites' turnover is much lower. Even before there was an NSIP, the USGS recognized the value of these particular stations that now comprise the backbone network, and sought to preserve them and extend their records.



The USGS Streamgaging Network

Streamgages
8,000 gages
99 % real-time
All on web

Network Costs
$158M per year
850+ Partners

State / Local Agencies $77M
Other Federal Agencies $28M
USGS Cooperative Program $26M

USGS Nat Streamflow Info Program $27M
a2 USGS

49%
18%
16%
18%
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The USGS Streamgaging Network:
This slide summarizes the funding sources for the streamgaging network; about half of the funding arises from State and local agencies, who contribute to USGS for the operation of streamgages that are of specific interest to their State. Other Federal agencies (COE, TVA, BOR) provide 18% of funding for the program to ensure streamflow information for their operational needs (water supply, flood control, etc.). USGS is able to match the offerings of the State and local agencies and together the USGS and non-Federal portions of the Cooperative Water Program provide about 34% of the funding for the streamgaging program. 
 
The figure on the top right is a WaterWatch depiction of current streamflow conditions utilizing the USGS streamgaging network. The graphic indicates streamflow conditions are above normal with dark colors such as those evident in the Northwest and indicates drier than normal streamflow conditions with warm colors such as those in the Southeast.  It is provided here just to give you a sense of the National character of the network
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USGS Streamgaging:
Because it is a national program operated by a single agency with shared methods, oversight, and culture, the USGS streamgaging network results in streamflow records that are consistent, high quality, and freely available for the long term. Our network is funded by many partners who help us conduct a field-intensive endeavor involving about 700 hydrographers. We recognize that the network and its supporting infrastructure is in dire need of a technological investment.



Streamgage Activities And Relative Costs

Field Activities
-Service Instruments
-Verify stage
-Measure Flow
-Observe “channel”

Records Computations
-Correct stage data
-Develop Rating
-Apply Shifts
-Document corrections
and shifts (extent and
timing)

Check/Review/Archive
-Document/Explain
adjustments

2 USGS

O Equipment

O Misc/Travel

O Check/Review

B Compute
Records

O Field Activities
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Streamgage Activities and Relative Costs:
One could separate the streamgaging activity into three broad categories: field activities, records computations, and check/review/archive and dissemination. In an internal assessment of our streamgaging program, we have identified the following qualitative distribution of costs amongst those activities, as indicated here. Our field activities (mostly labor and ttravell) comprise the largest single source of costs.  Getting to the field, making direct readings and measurements are clear requirements for a successful streamgage operation.  (as I will discuss in a few moments, we have invested significant resources in reducing these field costs.)  But another  The implication is that records computation and quality assurance account for a significant portion of the expense of operating a gage.  During the 60’s and 80’s we invested heavily in automated records computations and there is no doubt that those investments resulted in a outsized reduction in costs below those that we would otherwise be experiencing.  However, our computations procedures are still based on code developed in the 80’s and, as I will discuss, these systems require a significate upgrade which we are now pursing.


The Streamgaging Process

Flow
Measureme

Flow / Staqe

- F
ZUSGS  Flov —


Presenter
Presentation Notes
The Streamgaging Process:
This graphic summarizes the streamgaging process. The image in the top left is a streamgage that utilizes a stilling well to monitor and transmit water levels in the stream. As the water level in the stream rises, the water level in the stilling well will also rise and that information is digitized and transmitted via GOES satellite radio to our offices throughout the country. That is all the streamgage does – it simply records the rise and fall in water levels. � 
However, our task is to collect and report information on the FLOW of the stream, not just its water level. To do that, we send hydrographers into the field every 6-8 weeks to make flow measurements (as depicted in the upper right corner). The hydrographer in the picture is holding a wading rod, which he will use to measure the depth of the stream at various locations across the stream, and while doing that he will also measure the current speed/velocity of the water; he will do that using a current meter, as shown here. The current meter operates similarly to a wind aerometer. The technician also measures the incremental width across the stream; the measurement for each increment of the stream takes about 2 minutes, and he does this 25-30 times across the stream before adding up the data for the whole stream.
 
In order to monitor the streamflow when the individuals are not present and able to make a streamflow measurement, we utilize the streamflow information made by the technicians and correlate it against the concurrent water level at the time of the measurement to create a stage/flow relationship or rating curve. Streamgaging would be a simple, easy, and inexpensive process, were it not for the fact that streams change for a variety of reasons (scour, fill, growth or die-back of vegetation, accumulation of debris). When that occurs, the rating curve changes or shifts. We need to make streamflow measurements to discover those shifts and to correct the rating curves for them. That process is illustrated here on the bottom left.
 
Once we have adjusted the rating to match the measurement, the stage or water level records provided by the streamgage are applied to the updated rating to compute the streamflow data, as shown here on the bottom right.
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Presentation Notes
This is an example of a stilling well, shown on the right. It is large, bulky, costly, and vulnerable to damage from flood flows and debris. USGS standards require that the instrumentation we use is able to accurately record the water level to +/- 0.02 feet or 2% of stage.
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We have begun replacing these expensive and vulnerable structures with new and less expensive technologies such as pressure manometers or, as shown here, radar (the box with the “fog-horn protruding from the bottom that is circled in red)
 
All USGS streamgage instruments are calibrated against direct readings of the water level using a variety of methods. In this case there is a wire weight contained in the small box to the immediate left of the radar instrument.  Both instruments are shown in the blow-up picture in the center of the graphic.  During hydrographer visits the wire-weight that is lowered to the water surface to measure the water level. 

On the bottom left of the picture is another verification device: an outside staff in which the water level is demarked as it might appear on a ruler.  In addition to verifying the water readings when the hydrographer is present, we also try to verify the high water levels that occurred since his last site visit. That is often done by use of a crest-stage gage shown next to the outside staff, as indicated here on the lower left. This device includes a stick and some ground cork; as the water level rises, it will leave a cork ring around the stick that indicates the elevation of the highest water level.




Water Techniques.
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These practices and the accuracy standards are published in USGS scientific methods and techniques reports. 


2 USGS

Flow Measurements

Before Acoustics (1991)
-52 flood measurements
-10 days

-Staff of 110

-Average time -- 96 min.

M With Acoustics (2012)
| -62 flood measurements

| -Average time -- 18 min
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Streamflow measurements:
Over the last 15 years, the measurement of streamflow has undergone a revolutionary change through the use of hydroacoustic instrumentation. This has dramatically reduced the amount of time required to make the streamflow measurements from something that previously required an hour and a half to something that now requires about 20 minutes.



Percent of Total

USGS Discharge Measurement Methods, by
WY, 1996-2012, Percent of Total

100 |
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Standards for Flow Measurements

=

Observe and document control

conditions

Require at least 12 minutes

At least 4 transits

Compute flow on-site

Verify ADCP compass, GPS

Perform moving-Bed Tests

Check for air entrainment

Measure reference depth

Evaluate Edge Discharges

0. Evaluate Extrapolation
Methods

11. Check measurements

a. 5% departure from rating

b. Departures from trend

c. Obvious channel change

Measuring Discharge with Acoustic Doppler Current
Profilers from a Movina-Boat

BOONOOGORAWDN
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Standards for Flow Measurements:
A streamflow measurement requires the execution of a number of steps to ensure that the measurement is accurate. Some of these steps are listed here. In addition to the activities that may seem mechanical or obvious, the hydrographer must make careful notes of the channel, streamflow, and hydraulic control conditions whenever he makes a streamflow measurement. The hydraulic control refers to a constriction, change in slope, or roughness feature where it is possible to measure the stage or water level (energy) required to move the water downstream.  Changes in the control – such as scour, fill, accumulations of new vegetation or debris – result in changes to the rating. The purpose of the measurement is to quantify that change. Whenever a flow measurement departs more than 5% (typically) from the established rating or from recent trends, a second measurement is required to confirm the first.



Network-support infrastructure
*Records processing
Facilities/Equipment
eTraining (for USGS & others)

= USGS
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Overview:  
There are 8000 streamgaging stations, of which 3,200 have been identified as Federal "backbone" gages (NSIP eligible), and about 4,800 non-backbone (not NSIP eligible) gages.

Sites are selected to address Federal backbone and/or non-backbone interests. I will address details later in the talk. We're going to talk about the streamgaging process so that the committee will understand the relevance of the standards and QA practices, and we will discuss network infrastructure, the role of furnished records, and close with some comments on the future of streamgaging in the USGS.



Ratings and Controls
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Ratings and Controls:
As I mentioned a moment ago, a rating establishes the relationship between stage and flow for the “hydraulic control”.  The hydraulic control is often identified as a location, downstream of the gage, where there is a notice able break in the water surface, channel geometry, or channel roughness.  For broad flat steams, they “hydraulic control may be a length of stream channel and exhibit no break in water slope.  

A culvert is a type of control, as would be a flooded road crossing. In the photos shown here, there is a sequence of shots showing the low-, mid-, and high-water controls, and the relationship between stage and flow for each of those features is shown in the bottom right.  The reason for our interest in the controls is that the shape and other characteristics of the control determine the shape of the rating.  Just as importantly, we can’t just apply every shift through the full range of a rating. The “shift” that a flow measurement enables us to detect, will usually only apply to that portion of the rating influenced by the portion of the hydraulic control then “in control”:


“... to the outside observer, the process that the technicians had to
go through was astonishing. An attempt to diagram the movement of
data processes at each site we observed can be found in Appendix
D.” — Streamflow data value engineering study

“Consolidate SOFTWARE REVIEW - COLORADG
functionalities of ]
multiple software
programs into one
solution ... Nine
different software
programs currently
being used for

data processing” —
Water-quality data
value engineering
study

= Keyboard / Data Entry
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During an earlier conference call a member of your committee mentioned the results of a vendor-led value engineering study on streamflow data collection process. That study concluded that this process and the number of various steps required was "astonishing" and recommended the consolidation of various pieces of software into an integrated process.

We have taken those conclusions to heart and are building new procedures and, just as importantly, better software to meld the field activities and the records computations into a more unified, efficient process.  


Infrastructure -Records
Processing

* Automated Data Processing System
(ADAPS)

o Data edits

o Data corrections
o Ratings and shifts
o Data estimates

2 USGS
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Infrastructure-Records Processing:
An important part of the rebuilding of our process is the moderation of our software and the integration of various field and records computations activities within the software.  But before I can discuss that, let me describe the old software so that you can appreciate the potential for change, improvement, and costs savings.

As I mentioned earlier the various steps of the data computation process are conducted by the hydrographer with the aid of a computer that was written in the early 1980s, with 1970s technology, and focused on paper tapes retrieved from mechanical recorders in the gage houses. It consists of more than a million lines of FORTRAN code and a menu-driven user interface. It was developed and written in‑house by USGS.
 


Console

Window Edit Options

EE R R I R T T

| Us, GESLOGICAL SURMEY AUTOMATED DATA PROZESSING SYSTEM C(ADAPRS) |
| REVISION HNWIS-4, 7, 0-5C cep 05, 2007 14:16: 37 Thursday |
| FPR) SUBE-MEHL : Frimary Data Processing |

i T T T T T T T T T

Update Data Descriptaor Thresholds 10 Print/Display Unit-Yalues Tables
Edit Time-Series Data using Hydra 11 Daily Yalues Tables
UpdateDisplay Data Corrections 12 End—of-%Year Summary
UpdateDisplay Rating Tables 12 Feak Flow Entry and Retriewval
Shift Analysis and Error Bars 14 Manage Record Data Aging Status
Update/Display Shifts 15 Flot Time-Series Data

Frimary Computations 16 Show Site Information

Edit D¥ Statistical summary 17 Station Analysis Repart
Daily-Yalues Manipulatian
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D2 menu_opt — Display dacumentatian PCM — Display program_names
Qll —— Exit to previous menu EX —— Exit to Unix

select desired mend optian or program_name ([CR] far menu):
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This is an example of the opening screen of ADAPS. In order to use the program, the user drills down through various menus to find the input options. It requires a very specific understanding of the program and a number of keystrokes to accomplish the work.



Replace ADAPS with Commercial Software

Aquarius

* Smallest of 3 major commercial systems used
worldwide

* Off the shelf product

* Extensive expansion and tailoring capabilities built
Into contract
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Replace ADAPS with Commercial Software:
In 2012 we began the process of replacing ADAPS with a commercial software. The package that we chose was Aquarius, which is the smallest of three major systems that provides extensive expansion and tailoring capabilities built into the contract. It is a high graphic, very efficient, fast routine.



Procurement/Training Costs
for New System

* $3.2M initial base package delivery
* Up to $5M build out and support (5-year)

* Up to $5M internal project costs
(customization, testing, training, rollout)

= USGS
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Procurement/Training Costs for New System:
The new system will require approximately $3.2 million to purchase, with an additional $10 million for build out, testing, training, and support.



Efficiency/Savings

e $22M annually from streamgaging

o From 2008 Committee on gage costs
projecting 50% reduction in office processing
time

e $8M annually from all data types

o From 2011 Time-series processing future
committee survey of selected USGS Water-
Science Centers

= USGS
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Efficiency/Savings:
We estimate significant annual savings from the effort and believe that we will recover the initial investment during the second year of the rollout, with increased savings afterward.



Quality-Assurance Practices

* Written National standards (T&MS)

* Technical memos

* QA plans for each state and office

* Work/Check/Review cycle

* Standardized software and databases

* Hydrologic Instrumentation Facility for testing,
procuring equipment

* National and regional training

* Technical reviews and ongoing records screening

= USGS
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Quality-Assurance Practices:
The USGS is well known for the high quality of the records it produces.  A key aspect of that quality involves the development and publication of national standards, with additional instruction and guidance as new issues arise. Each USGS water science center (WSC) is required to prepare a customized quality assurance plan based on a template provided by the water mission area. All records are subject to a continuous work/check/review cycle. All WSCs use USGS software and databases, quality-assured instrumentation, and each hydrographer is given extensive on-the-job and formal training. In addition, the water mission area conducts tri-annual technical reviews of the network activities of each WSC.



Published Standards of Practice

Measuring Discharge with Acousj
Profilers from a Moving-Boat

Discharge Measurements at Gaging Stations

Chapter 8 of Book 3, Section A

Levels at Gaging Stations

Chapter 19 of
Section A Surface-Water Techniques
Book 3, Applications of Hydraulics

the Index Velocity Method

Prepa n cooperation with the
U.S. Army Corps of Engineers

Transition range
= Upper range

it the Interior

LS. Department of the Interior
LS. Geological Survey
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Published Standards of Practice:
Here are some examples of our published standards. They are available on the web as PDF documents, or for sale from USGS Publications Warehouse.


USGS HydoAcoustics Training

e (Qver 1,000 trained on basic ADCP use
o Approx. 120 NEW users trained per year

o Current course includes latest ADCPs
(TRDI RiverRay and SonTek M9/S5)

* Developing material for two day local
refresher class to help keep everyone up-
to-date

* Scheduled webinars (since 2007)
* On Demand (new in 2011)

o Video podcasts (short, focused)
* Hydroacoustics Forum (since 2008)

o Online community for
discussions/questions

o Almost 1000 members
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USGS HydroAcoustics Training:
One area where training is most intense is in the field of hydroacoustics. We provide both introductory and ongoing training in the use of various hydroacoustics technologies and techniques.  There are a variety of media, including web-based, on-demand, webinars, video podcasts, and forums. Non-USGS people can participate.



Number of StreamGages Operated
Per Hydrographer FTE

20
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16
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Number of Streamgages per Hydrographer:  
The USGS does not systematically track the network efficiency metrics on a National scale.  Thus, there is no measure of the improvement in efficiency or increased workload that we can point at to demonstrate the soundness of our investments in field methods, real-time reporting, and software.  But since 2000 our southeastern surface-water specialist began to track the number of streamgages per hydrographer FTE devoted to streamgaging.  The results are shown above.  In 2000, a typically hydrographer operated 16.6 streamgages.  That number increased through 2009 when it reached just under 20 gages.  The increase probably reflects continued investments in hydroacoustic technology, better use of real-time reporting and display of data (which helps the hydrographer plan field trips) and greater use of more reliable electronic field devices (PDAs, field computers, etc.)  However, workload/FTE ratio fell in 2011.  It is not entirely clear why, but the number of hydrographers in Florida and North Carolina increased dramatically.  The increase in NC probably reflects hiring in anticipation of pending retirements.  The increase in FL reflects reassignment of hydrographers involved in that state’s groundwater monitoring program, which was cut back drastically in 211 due to state reductions in water-monitoring programs.  We will repeat the survey in 2013.  Hopefully, we can eventually expand it to a National program.


Delivering the Data -WaterWatch

Current Streamflow Drought

Hodnesidey, August B9, BOLE 160DICT Tungdsy, Auguet 4, 2013

Flood Past Flow /Runoff

Hodnosdey, August 10, BRLE 16IDLCT Tunsdey, Auguet 34, 2002
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Delivering the Data – Water Watch:
One of the goals of the USGS is to ensure the rapid and useful delivery of streamflow data.  We do this through a number of special programs such as USGS NWISWeb, WaterWatch, WaterAlert, WaterNow, and StreamStats. This slide shows the opening screen from WaterWatch, indicating national streamflow conditions. Darker, cooler colors are wetter (for this time of year), and warmer, brighter colors are drier.



Delivering the Data -StreamStats

» Web-based application
* Provides GIS-piloting to site of interest
 Automatically measures basin and climatic characteristics using GIS

 Provides at-site streamflow statistics for gaged sites
 Solves regional regression equations to estimate statistics for ungaged sites
» GIS DEM and other measurement tools

i UGS am-mmﬁhﬁ:

o i = # = , )
o =8 Streamstats Report - Microsoft Internet Explor

_\ : "qu Jé,i_j*’" t y #._._.,' £ L e
| m\ e i | Streamsitals
Z. iy, e __'_ ‘ % _' _ }-"R_'a.a“. i
k C|ICk on any pomt on RH Basin Characteristics Report
“»~the stream network _ Date: Tue Nov 22 2005 06:40:06

Latitude: 46.4069
Longitude: -116.1875

Parameter Value

Area in square miles (AREAZMI) 12.3

: Relief in feet (RELIEFFT) 2100
g o= | Average elevation in fest (ELEVFT) 2770
ey Maxirmurn elevation in feet (ELEVMAXFT) 3180

Minirnurn elevation in feet (ELEVMINFT) 1080

Average area slope in percent (SLPPCT) 19.5

Percent of area with slope greater than 30% (SLPPCT20) 28,2

Percent of area with slope greater than 30% and facing North (SLPPCT30N) 11,7
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Delivering the Data – StreamStats:
Users need different types of data.  While many users (think dam or water-treatment plant operators) need information about current or past streamfow magnitudes and timing, many engineering and regulatory uses are based on extracted (means, minimums, maximums, etc.) or interpreted statistics (1-percent chance annual flood, 7Q10) folks.  And as often as folks use data for sites co-located with the streamgage, many more need data at ungaged sites.

StreamStats is a system for delivering streamflow statistics at gaged sites and estimates of those streamflow statistics at ungaged sites.  The ungaged site data is estimated through regional regression relationships that estimate streamflow statistics from basin characteristics.  The system is a web-based GIS product that will delineate the basin boundaries and estimate the streamflow statistics.  Most of the statistical characterization work, particularly the interpreted statistics, are produced in cooperation with State agencies such as the state DOTs, DWRs, and DEQs.  An important aspect of the CWP is to help support such work which we regard as an essential extension of the streamgage network.



StreamStats — Implementation Status

e 27 states fully
Implemented,
Including
network
navigation

B8 « 10 states in
Implementation
pProcess

[ Fully implemented e SC and GA start
Undergoing implementation I
B Undergoing implementation In fall of 2012
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StreamStats – Implementation Status:
Most of streamflow estimates provided by StreamStats are based on regional regression equations.  This work is almost always in cooperation with state agencies.  The USGS now has a database of more than 5,000 regional regression equations that covers all of the states.  Those data are available from the USGS National Streamflow Statistics (NSS) program.  

StreamStats links NSS with a web-based GIS program to solve the regression equation and present the results to the user. To date, StreamStats has been fully implemented in 27 States, with an additional 10 States in the process of being implemented.  The implementation process is being conducted in cooperation with state agencies.
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Measurement Method Improvements:
In order to use the index velocity concept more broadly, we have to shift our perspective from horizontal view within the stream to a vertical view in which the index is measured from the surface.

We have conducted experiments using non-contact microwave radar to do exactly that.  The schematic on the left illustrates the concept where radar is being used to measure water levels and stream velocity, and to measure the cross-section bathymetry of the channel. 

In “real-world” experiments, we have used microwave radar to measure stream velocities and ground-penetrating radar to measure channel bathymetry. It works well for freshwater conditions when the devices can be secured over the stream and looking straight down. But even minor amounts of salt or minerals imped penetration of the stream and greatly reduce the accuracy of the measurements.  Channel bathometry is also very difficult to map out.  In short, this process is not very practical using urgent technology



Figure 1. Configuration of ARDSS-IR. @

with camera svstemns and the Twin Oiter collection pa

Source: Steven Anderson, Cindy Piotrowski, John Duganr, Robert
DiMarcor and Seth Zuckerma, 2011, “Airborne Passive Remote Sensing
of Surface Currents in Rivers and Estuaries”
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Emerging Technologies:

There are, however, new technologies that we're beginning to investigate that are based on particle image velcimetry. The best of these methods has been developed in a classified environment and is intended for military applications; however, we have begun discussions with the developers and hope to conduct experiments at USGS streamgaging stations.  We are also working with NASA to develop some field verification experiments for some remote sensing technology.  The experiment, called SWOT (for Surface-Water and Ocean Topography) is scheduled to be conducted this spring.



Furnished Records

e About 8% of USGS streamflow records are
furnished

* Mostly by CA FERC licensees, VA DEQ

* Current policy requires only that record be
based on USGS standards and

“Indistinguishable” in quality from those of
USGS

= USGS
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Furnished Records:
We frequently hear complaints that the USGS does not accept streamflow records from other agencies.  Actually, the USGS does accept furnished records from Federal, State and local agencies and private concerns (particularly FERC licensees). About 8% of USGS streamflow records are furnished to us, principally in California, Virginia, and a few other select States where the furnishing entity has agreed to provide data that meet USGS standards AND fund USGS review of the product. This generally involves one or two visits to the site per year, one or two flow measurements to check ratings, and year-end  review of the furnished records.

Typical cost of the USGS review runs about a quarter of the cost of the USGS operation and maintenance of a standard gage. The process works reasonably well were the agency has committed significant investment in equipment, infrastructure, and training.  It works best for streamgages where the stream is an artificial channel (concrete-lined irrigation channels, diversion sites, etc.) where the hydraulic controls are very stable and shift is rare.  It helps greatly that such sites are well operated to minimize flow fluxions and flood peaks.



The Future?

e Continue to Implement a “continuous records
computations” process

 Develop new technigues for “continuous flow
measurements”

 Automate first cut shift detection and analysis

 |mprove data handling with better processing
software

e Focus hydrographer on interpretation/review
e Improve furnished records review and use
 Develop “network extension techniques”

ZUSGS

&
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The Future?
In the near future, we will continue to develop a continuous records computations process, experiment with continuous flow measurements such as those developed by the military, work to automate rating shifts and analysis, and improve our records production process with better software. In general we have to move from a work-check-review cycle towards an interpretation-review cycle. We see furnished records as an important strategy for supplementing our streamflow network where the furnishing agency is committed to meeting USGS standards. And finally, we are working with various statistical and hydrologic models to further extend our network to ungaged locations.
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