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Observation well upgrades:

In 2017, USGS and MassDEP funded the
upgrade of 11 wells to real time, to increase the
MA total to 42. (MassDCR and USGS are
funding long-term operations, maintenance,
and data management.)

10 of the 11 wells have been completed, the
11t well (Hardwick 1) will be re-drilled before
upgrade.



Why upgrade wells to real-time?

1. To improve basic understanding of how:

e Climate variations and trends (P, ET)
* Geologic conditions (till vs. sand & gravel)
 Hydrologic position (upland vs. lowland)

affect groundwater levels, aquifer recharge rates,
and summer baseflows in streams.



Why upgrade wells to real-time?

2. Support timely decision-making. Examples:

 Drought management (local and State)

* Projecting likely high groundwater levels
(Title 5 and the Frimpter Method)

* Projecting likely low groundwater levels

(New developments in dug-well design)



Lakeville 14



Lakeville 14
instrumentation
(older technology)



West Brookfield 2



West Brookfield 2
Instrumentation
(new technology)



Magnitude of flood flows for



Objectives:

 Update at-site flood flow information for
MA streamgages

 Develop new regional equations for estimating
flood flows at ungaged locations in MA.

 Make information and equations accessible
through the USGS StreamStats application.



Why Update Flood Flow Anlaysis?

Critical for infrastructure design, hazard mitigation, and climate-
change adaptation.

Existing MA regional equations were out of date.

Wandle (1983)— used data through 1976 at 95 sites, for 2-, 5-,
10-, 25-, 50-, and 100-year floods; Murphy (2001) developed
equations for mixed population floods; data up to 1993 at only
30 sites.

More robust statistical methods, and new streamflow and
landscape data are now available



The period of record matters...
Annual peak flows, Ipswich River at Ipswich, MA:



New, more robust statistical methods:



Estimation of regional skew coefficient




Veilleux and others, 2017

USGS has
completed new
skew analysis for
New England

No significant
spatial trends were
found in skew.

Single Skew of 0.37
was determined to
be optimal for New
England



At-Site Analysis




March 15, 2010



March 15, 2010



Regional Analysis




Explanatory Basin Characteristics




Include streamgages with
short record?



Use Sub-Regions?

EPA Ecoregion Level Il
OLS regression residuals

All data (199 Obs): R? 0.88

NE Highlands model (108 Obs)
was slightly better: (R? 0.90)

NE Coastal model (91 Obs) was
slightly worse: (R? 0.87 )

Residuals do not show a spatial
pattern that merits subregions;

Therefore, Sub-Regions

. were not used.
1-percent AEP Residuals

Log10_Q is a function of (Log10_DA, mean elev, and total storage)
(R20.88)



Ordinary Least-Squares (OLS) Regression Models

3-Variable model 2-Variable model
DA, TotStor, mn_elev DA, mn_elev



Generalized Least Squares (GLS) models






Final GLS Models

Models with 3 explanatory variables were chosen.

Flood-flow equations for 50-, 20-, 10-, 4-, 2-, 1-,
0.5- and 0.2% Annual Exceedance Probabilities
(AEPs) are functions of---

-- log [basin drainage area (mi?)]
-- mean basin elevation (ft)
-- total storage (% open water + wetlands)



Final GLS Models

Example: the 1% AEP (100-yr flood) equation:

Flood flows:
increase with increasing drainage area
increase with mean basin elevation
decrease with increasing basin storage
(% open water + wetlands).

Are provided: 90-percent prediction interval equations



Trends in annual peak flows

Example of a significant trend — 01105000 Neponset River at Norwood, MA
TAU: 0.32;  p-value: 0.000041  slope: 3.31



A Positive trend (significant p <= 0.05

Trends: Spatlal patterns A Positive trend (not significant p > 0.05

v Negative trend (significant p <= 0.05
v Negative trend (not significant p > 0.05



Trend Variability, at p <= 0.05

Trends can increase over Trends can decrease over
shorter periods shorter periods
of record of record

Trends can vary with time Trends remain same over time



Trends: Summary of Findings

N Neighbor
states

MA

MA Only

count % total count % total

Total no sites 148

P <=0.05 52
p<=0.1 64

Years of record
Average
Minimum
Maximum

All significant trends were upward
(except 1 site in MA with abbreviated record, ending in 1978)



Dealing with Trends

* No “cookbook” methods exist; none of the existing




USGS StreamStats:

* An interactive web application for obtaining basin
and streamflow statistics at both USGS streamgages
and ungaged sites.

* Provides easy access to relevant flood and low-flow
statistics for thousands of USGS gages nationally.

« Prediction intervals (error bars) are provided for all
flow estimates at ungaged sites.



StreamStats: Example basin 1



StreamStats: Example basin 2



Comparison: Trout and Roaring Brooks

DA Mean Storage 1% AEP
(mi2) Elev (% ponds, Flood
(ft) wetlands) (cfs)

Trout Brook, Holden 8.34 811 14.3 989
Roaring Brook, Leverett 7.26 987 4.8 1,260

Difference -13% +22% -66% +27%

Roaring Brook has a smaller drainage area, but its other
basin characteristics override its smaller size.



Benefits of the study

* Improved understanding of Massachusetts
flood flows, probabilities of exceedance,
uncertainties, and trends— leading to:

 More accurate floodplain maps (DFIRM’s)

e Better infrastructure design & resiliency

* More effective emergency preparedness
and response.



1938 Western Mass

2010 Eastern Mass

Green River

Greenfield WWTP Tropical Storm Irene



Many thanks to the Commonwealth for the
partnering with USGS on this project...

USGS Report: https://pubs.er.usgs.gov/publication/sir20165156
StreamStats: https://streamstats.usgs.gov/ss/

Questions?

Shelburne Falls, Tropical Storm Irene
Photo Courtesy of John Elder Robison



